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“The secret of success in life is for a man to be ready 
for his opportunity when it comes” d . 
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Now Kratos XSAM 800 Surface Analysis 
System gives you high resolution and high 
sensitivity on a single instrument. 


And GENELEC gives you full service facilities to back nt up. 
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Every month,^{^over two thousand 
parents —^— introduce their children 
to electronics, the technology 
of the future,rJn the most practical 
way there is/^ 






Thanks to Jjetlciivq Do-it-yourself Kits! 
Transistor Radios • Stereo Amplifiers • TV Sets 

Whon yoijr child'K lace hcihls up with a sense of self-achievement, no place on earth can be quite 
as beautifully bright as your own honM\ Mem words cannot adequately express your joy and pride. 

Jetking Do-it yourself Kits can be rnoie than a mere source of joy for your child. They could well 
be his first practical introduction to a technology on which the world's futuie so larcjely depends. 

So could his 

Step-by-vosy-achieviibie step ! 

Light up your home with a young smite of seif-achievement! 


■ To: Jetking Kits India, ^50, Lamingion Road. Bomh.iy 400 007 Tel: 357101 " 

* Ploase SLMid in* vour e,tsy lo-follow. step-‘ey logicnl step, detailed Instruction Manual * 

j O l-Band Radio . 2 Band Rudio □ 3'Band Radio f_) Amplifier □ TV Set. language preferred * 

I D English □ Hindi ! .nn enclosing □ R*^ 10 tor MW/2-Band Radio D Rs 20 for 3 Band * 

I Radio/Ampidiei □ Rs bCr tor T \/ Spt Thi.s amouni is dedurdible \A/hen I buy the Kit. * 


AVAILAfU-t hROM ^Cdie^' aiHi phone numbt is) 

INDIA BOOK HOUSE PVT LTD. Bangalom 2G103 # Bonibav-24258r) • Calcutta-236944 • Chandigarh- 
31667 • Hvdef.dwid 64945 • Mridras-85568 • New Delhi-268449 

ALSO AVAIi AKLt AT Bangalore: Kanchan Radio Corn* Vishal Electronics* Bombay: N.C. Electronics — 
350041 • Calcutta' R.nMon fleclronKs — 277119 • Cochin: Lxpo Electronic Components • Cuttack: Cuttack 
Music Ihiusc • Hubli: Cokhaii- Ag^^ncies • Madras: Singh Triiding Co — 844169 • Madurai: Universal Electr¬ 
onics • Mysore. Ashok L onios * Now Delhi: Kan^iil Stores —565864 • Pune: Trio Radio & Electric 
Corp- >;543.9 


Name_ Address_ _ _ _ ."W iR' * 

(Use BLOCK letters) iJpetJKXlVtf ^ 

It I am fully satisfied 1 will send for the Kit by VPP against an advance of Rs. 25 only Do-it-yourself Kits ^ 


4 . Also at AKBARALLYS. Fountain 253921, Santa Cruz 531076 


SU!':YODAYA/JK/?81/B 
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MISSING LINKS IN HEALTH CARE 


'I HOUGH Dr. S. Jha has tried 
lo encompass a broader 
spectrum oi the problem ot 
health (“Health tor all by the 
year 2000?" May, 19SI),shc 
has not taken an integrated 
approach. 1 he re lei once to 
political will, which is crucial, 
has only been made in 
passing. The issue ol the ri>le 
t»l the medical eslablishment 
in contributing to the fiiescni 
stale ot aitaiis has also been 
avoidetl. Obviously, thc'tiNci 
cen I ral iscd, hosp 1 1 a 1 - base d. 
urban-biased and cxjicnsive 
health care delivci\ system ol 
the state w hich has continued 
to depend totally on the 
modern system (>1 mediLine 
has not Ik'CM discussed I he 
imtioly alliance m the medical 
establishment of the peets of 
medical protession. the dine 
industry tmeliKimt: the 
imilfmalionals) and 
politicians has to l>c brnken lo 
eiisnii^ any heallh caie to llie 
pcopli'. Il is necessary to 
analyse the systemot medical 
educ.itiiMi. the lole ol the 
di ug indiisti V and the ieasi>iis 
loi the conlimied neglect ol 
iiadilional systems ot 
medicine lo .irrjve at .iin 
meamnglul M)luiion. 

N N. MI HROTRA 

Department ot Hioehemisliy 
All- India Institute id Medical 
Sciences 

New Delhi 110029 

I AM surpiisetl that Dr. .Ilia 
has used the term lepers’ lor 
lepiosy patients, the woid 
lepeT IS not useil by general 
agrecnienl, because it 
imlicales social stigma. 

K. R. PRASAD 

5-.S-317 (1 ftcMii ) 

S.n Layout 
l iuipati 517507 

STEREOTYPED 

EDUCATION 

Dr. (.opalan s ailicle i>n 
I ridergiaduate Reseaich 
C)pporiuiiities Piogiamine 
(Viewpoints, May 1981) 
highlights by conliast that oui 
undergraduate engineering 
educational system needs 


moildications. i he present 
memoiy-biiscd stereotyped 
system is msufl'icient lo 
evaluate a student's 
creativity, mnovativeness and 
ability l(* face unusual 
situations. Il only certifies his 
memorv and ability to w'oik 
haul on spoon led material. It 
a known tact and my own 
experience that engineering 
sludonis certified as average 
Ol pi^oi can do better than 
(heir distinction holding 
colleagues in their 
dissenalK'ris (or piojcct 
wi>ik), where ihes hasc 
u>nsideralde lieedom |o 
cans oi!i il)c wink. 

IJnlo'Uiimiciy main td oui 
reiunvned msiitutions seem 
to h.ivc i>vcrlo»>kcd this 
.isprc’ aiul still I'dies c m 
shoi ilistmg ap^i'lK atiniis 
foi po'.l-gi.ulii.ilc ct>iiisc> on 

FAMILY PLANNING 
TARGETS 

I ill Sixth PI. Ill l:i\s dow n the 
goal ol l.'iimlv pi.inning as 2 
clnklicn per lamilv oi a birth 
latt of '' I pet ihous.uul, and 
tonciiulev ihat “ tin. lamilv 
pl.’inmng pioeiamme mnsi 
rise above .ill toniioveisiL-s. 
and should be lucejiteii as a 
nation.il piogianinK b\ all 
sev lUMis td popul.ilioa' 

( ■ Heallh .md lamily planning 
in the Sixth Plan'i Ma\|*).s|) 
Hill expel It Use • d tin ' 
past }-\ \L.ns sliows 
Ih.ii IK ilhei tins puius 
tlimkme nor cash iiiLcntive'' 
t»l Rs it)(i pel male <»! Rs 
’2()(i [VI 1cm.lit, uiideigoing 
\/iseclom\ Ol iid»cclom\. wili 
fv‘ diet IIX e 11 llu' 
gaoeinmen! htrru sil\ dcsncs 
lo letliiet iIk hnth rate, it 
slnmkl pHAide. I\v 
I Icgislai't>n. th.ii iI (///(//</ cliilj 




the basis of academic rccoid 
which is oltcn not a true 
measure of a student’s calibre 
( at least, as lai as engineering 
belds are coir erued). It is 
very essential, tht icUnc, lo 
leroim the present system lor 
unde rgradua I c engi nec n ng 
ediieatioM III t>i(iei to obtain 
better peil'oimaiRe from 
engineering graduates m 
their respective lields as well 
as lo [)ick iiglu talent loi 
higher cdiuaiKUi aru! 
reseaich. 

V R. SI II I 

Karnataka Kegumal 
k.iigineeniu’ < ollegc 
Suiathkal lKainahika) 


NEPTUNE FINDER CHART 

! I il i Mvlmatc i dial is the 
\eiiii’.i! axis) ill 1 le ' on 

C’ hoin ol any paivni'' .:lk r a 
■petilied dale (»>m' ye.n .illei 
the en.icimcnl ci»mcs into 
force), hoili the parents, 
irrespcttive of then class, 
c.isic, leligioM Ol sed, will he 
pc;manditl\ distjuahheii lu- 
hnitl .iin pt>si Ol sei \ ICC m tin 
ccMlial aiuf the stale 
giivernmt nts (meliulmg the 
a I met! loi CCS), puhlic sector 
uiuleriakmgs, lucal ht>dics. 
cm [voi at ion aiul ediit atioruil 
institnliDiis .iidcil oi 
iiv'ogmscti h\ tlie 
govcinmeni, hanks, .ind 
lactones and companies as 
delmetl In the I aclones Act 
.iinl the C’omp».iines Al i I fiey 
w ill. of ti^iiTse, Ik distpialdicd 
to contest aii\ seal m the 
ccnii.i! anti stutc Icgisl.ituics 
tU ha al hodies 

A H Kl I KAH 

Ikma Suil Piojeti 
Hini.ieh.d liadt sh 1 7n3 1 7 


.3- 


p. ()8 in my article (Skynnip. 
May |9Kr)correspr»ndsto 
the tleclmaiion ol the planet 
Neptune. 1 he range of that 
oidinate should be —20'to 
- .Iv 11 unning downwards) 
instead of f 20" to 4 15" as 
prmietl I amsoiryfoi this 
eiioi 

N ( . RANA 
I ala InsiULiic of 
biindamenial Research 
Homhax 200 005. 


FULL DOCUMENTS, 
PLEASE 

\Vi like lo 

ctmgralulaic you on 
pcruulically publishing 
reports on \ arious dticumenis 
It dated to science and 
leehiitdogy plans, [roliev and 
cducatitm In particular, it 
w as a ctunmendable job tt) 
publish excel pis liom the 
Na\ udamma i< xicw 
eoinmillet report tm 
|V>st’giadii.iie ecUuation and 
reseaich in engineering and 
technok >gy (Septe mber 
1980) anil the science and 
iechnology chaplei of the 
Sixth I'lxi'-Scar Plan (April 
P>si) While the ix poris have 
been timely, relexant and 
mlormative, we, however, 
fed [ha! a serious and 
meamnglul ili.scussion cannot 
he cairietl out on then basis. 

I 111 ! dociiiMctiK ,ire needed 
ItM Oils pill pose And these 
I tiocumen'o an: generally not 
.iv adahlt* m mosi ot the 
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at is a third channel doing 
a dual trace 100 MHz scope? 



[ttB third chanr^cl in the new 
hilips 100 MHz dual trace 
BCilioscope helps you to see 
our trigger signal or any other 
ppropriate signal. 

esides the trigger view, the 
M 3262 also offers alternate 
‘me base^ln which a display 
I complete MTB and DTB, 
^dependent on the delay line, 
,Wes more information on the 
■'dnals, thus helps you 'see what 
;ou do' I 

'Matchless, all-round 
irformance 

he PM 3262 is the first and the 
Ijmly 100 MHz oscilloscope, with 
rigger View and other unique 
matures, manufactuied in India. 


With a 3.5 ns rise time, the 
PM 3262 remains matchless for 
the most sensitive needs of a 
laboratory with features such as: 

• 2 mV/35 MHz, 5 mV/100 MHz 

• Composite triggering 

• Trigger hold off 

• Not triggered indicator 

• Trace separator 

• TTL compatible Z modulation 

• 45 W power consumption 

• Compact. 9 6 kg weight 

• Designed to meet lEC 348 
specifications and to withstand 
strenuous environmental 
conditions. 


<■«{«#«*.v-’ .. 

The other Philips oscilloscopes to 
complete the professional's choice: 



PM 3226 
1b MH 7 ^ 2 mV dual'IrficR 
oscilloscope with TV 
triggering facility. 



Philips in Professional Electronics 


PP9015 

Large screen 50 MHz/2mV 
dual-trace oscilloscope 
with fully calibrated 
delayed time-base. 

PP 9016 

Large screen 50 MHz/2mV 
dual-trace oscilloscope 
with fully calibrated 
delayed time-base and 
a unique analog 
multiplication feature. 


PHILIPS 


Peico Electronics & Electricals Ltd 




































VIEWPOINT 


On technological 
self-reliance 

T hree rccem events should make us think seriously 
about the pace of progress towards technological self- 
reliance! The first relates to the prolonged delay in the 
supply of enriched uranium fuel for the 'I'arapur nuc¬ 
lear power plant, exposing our vulnerability in the vital 
segment of the energy sector which may play an increas¬ 
ingly important role in future. This vulnerability arises 
from our dependence on a “critical technology" or 
strategic material which will not be exported or sold. 

I'he second pertains to the total failure of the Fourth 
Session of theUNConference on an International Code of 
Conduct on Transfer of Technology sponsored by 
UNCTAD and held from 23 March to 10 April 1981 at 
Geneva; the conference decided to refer the matter to the 
ifN General Assembly to take appropriate action, and 
thus ended nine years of negotiations among developing 
countries, developed countries and socialist countries on 
a code which would piovide the sale of technology on fair 
and equitable terms to developing countries. It may be 
noted that the USA (supported by the UK, West Germany 
and Sw itzerland) h'as been opposed to the concept of such 
a code or the need for it. 

Hie third is the launching of Rohini-II satellite atop a 
four-stage rocket on 31 May 1981. India is the sfxth 
country in the world to launch artificial earth satellites. It 
has'' achieved considerable progress in developing 
miniaturised and sophisticated instrumentation, a tele¬ 
metry system for storing and sending data for “on-line" 
ground-based computers and a rocket technology w'ith 
more than 100,000 components. 1 here seems to be some 
weakness in the trajectory control technology, but the 
event reveals what we can do it we decide and mean to do 
what we decide. 

However, it is one thing to achieve a success in a few' 
(public sector) research and development projects where 
cost and time arc no considerations and in some private 
sector adaptive research projects. It is qualitatively dif¬ 
ferent to obtain a regular flow of R&D intentions and 
discoveries (process and product design know-how) from 
lime-and resource-bound programmes and their suc¬ 
cessful application/commercialisation. Should and can 
India achieve this? 

Why do we need to deploy new and more efficient 
technologies on an increasing scale and on a continuing 
basis? The following reasons may be given: (1) to supply 
to every one a widening range of goods and services— 
better, safer and cheaper—in an increasing volume over a 
finite time horizon; (2) to improve the quality of life both 
at home and at the work place; (3) to improve our com¬ 
petitive strength in international trade of goods and ser¬ 
vices; and (4) to improve the defence capability of the 
nation by not permitting the potential aggressors to 
acquire decisive superiority in the weapon systems, 
weapons, communication and other technical facilities. 

The first is really a development goal accepted by all 
developing countries. The second is also a development 
goal, though it is somew'hat less pronounced in developing 
countries than in developed countries. This goal has many 
components and their number continues to grow. We 
shall mention here only a few which have already found 
expression as a felt need by one group of society or 
another in our country: (i) prevention of 


cnviionmeiual pollution, (ii) prevention of damage to 
ecologv and the rehabilitation of ecolocv wherever dam¬ 
age has already occurred and is reversible, (iu) ix'cu- 

palional health and hazards safety, (iv) lightening ardu¬ 
ous manual labour, (v) labour participation in decision¬ 
making in matters directly affecting them, (vi) reduction 
in monotony and boredom of specific work activities, etc. 
I'he realisation of these two objectives require the intro¬ 
duction of new products and technologies which will 
increase land and labour productivity and energy and raw 
materials efficiency. It will also require technologies 
which will substitute scarce inputs by abundant inputs and 
non-renewable resources by renewable resources where 
technically and economically viable. It will also require 
the economies of scale, technological economies as well as 
economics of indivisibilities, specialisation and stan¬ 
dardisation. 

In order to achieve these two objectives, we may pursue 
simultaneously three different means or routes: (i) a 
quantitative increase in the deployment of basic 
inputs —land, other natural resources endowments, 
reproducible capital, that is, plant and machinery and 
labour; (ii) a rise in the cfliciency or quality of basic 
inputs; and (iii) mobilisation ot technological economies 
and economics of indivisibilities IR & D, functional special¬ 
isation of labour and equipment, etc). There is no doubt 
some room tor increasing the supply of goods and services 
by employing the idle labour and supplying them with 
existing types of plant and equipment. Some land pre¬ 
sently inaccessible for agriculture can be made accessible. 
But this has limited potential. Once these tw'o resources 
are exhausted, economic and siicial development will 
have entirely to depend on the othei two routes— 
increasing the efficiency of basic inputs and exploiting 
economics of scale. 

India also will have to depend, in the main, on the same 
two routes. We need to increase productivity of land by 
more irrigation and better water management, high- 
yielding disease-resistant varieties of seeds, optimal doses 
ot fertilisers, judicious use of chemical pesticides in the 
tramew'ork oi integrated pest management and better 
cultural practices. The protein content of pullses and cere¬ 
als will have to be increased by genetic manipulations. But 
all this will require the introduction <.)f improved and new 
technologies in the farm sector. 

India’s oil import hill, which is already Rs. S.OOO 
ciores. will absorb S(l per cent ol her expoil earnings. 
We need also to iinpoit a large varietv of other 
items - raw materials, equi|>meiil and machinery, and 
weapons loi deicnee. We are thus laeed with a massi\e 
deficit m the balance ol ti.ule A massi\e expoil drive is 
a “must" lor oui eouulry We aie also interested in 
exporting more value-added products and diversified 
product gri»ups. I he louiulatu>n ol such an e\pt>it tirive 
is an edge m price and qiialiu <uei oiii coni|)clilois. A 
compelilixe edge in the expoil iiri\c can only be 
provided by a stream ol new and belter lechnologies 
sustained o\er a long pciiod .Similarl>. we need tech¬ 
nologies to produce dcicnce neeils. especially weapons. 

Technology markets: open features 

Although most of the tens ol thousands ol technolo¬ 
gies are in “public ilomam", that is, they are a\ailal4e 
without payment ot tecs oi royalties, a large number (»f 
technologies are kept oui ot the public ckenain. Many of. 
them are patented with ihe legally i*ec(yerltscd owneiship ' 
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fir^hts. Export of some of them, especially those with 
ajj^lications in the military field, space exploration, 

' nuclear energy and computers are banned by the US and 
other advanced countries. Others are kept secret, 
though they may not have been patented. Inaccessible 
technologies and some of the patented technologies are 
not sold by the owners in three cases: there is no 
a^mpeling product in the market (for example, Polaroid 
camerasdid not have any competitor until recently); the 
owner uses the production process which gives a unique 
quality to the output or which offers a unique advantage 
in the form of reduced unit cost; and the owner prefers 
to sell the output instead of the technology in spite of 
tariff harriers because he believes that foreigners will 
have to buy his output, or export markets arc iinimpor- 
lanl, or he cannot protect the secrecy of his process (for 
example, a few' life-saving drugs). Fhe objective in each 
case is to make monopolistic profits. India has no choice 
but to develop these three kinds of technologies if she 
wishes to have them—critical technologies on the banned 
list, patented but inaccessible technologies and un¬ 
patented but inaccessible technologies. 1‘he R & n in public 
sector has achieved its most notable success in these three 
categories of technologies. 

The rest ol the patented technologies are available for 
sale. Payments for proprietary technologies should be dis¬ 
tinguished from payments for the use of trademarks and 
brand names. 

Concealed features 

The seller of a technology has an overwhelming bargain¬ 
ing power, I here are also some important but concealed 
fcaturesof the technology market ol which the biiyersfrom 
developing countries are the biggest victims. 

The concealetl features are usually in the signed 
agreements. Ihey arc in the nature of restrictions 
imposed on the buyer of technology and usually discus¬ 
sed under the title of “‘restrictive clauses”. Those 
restrictions represent a potential loss to the buyer and/or 
his country. Some ol them are: (i) limitation on volume 
of production or capacily; (ii) requiring the buyer to 
grant back to the seller or his representatives any 
improvements made in the technology bought without 
offsetting consideration; (iii) restricting the buyer to 
undertake any K iSi D work to absorb or adapt technology 
or to develop new products, processes or equipment; (iv) 
territorial or quantitative restrictions on exports; (v) 
imposing equity participation; (vi) tying up sale of some 
or all elements ol plants and equipment and engineering 
and technical services and sale of some of the raw 
materials, intermediates or components, and (vii) impos¬ 
ing regulation of prices of goods and services on the 
buyer of technology. 

Another hidden feature of technology markets is 
the transfer payments which arise from ime form of 
tie-up arrangement or another. A technology seller 
imposes on the buyer the obligation to purchase part of 
the equipment from him. If the price of this eauipment is 
$ X in a competiiive market, the tcchiKUogy seller 
imposes the price $(X + a). The $ a is the transfer price of 
the part of machinery which he has compelled the 
technology buvci to purchase from him. 

The leverage of the technology seller may be 
threefold: (1) he may be a monoplistic or an oligopolistic 
supplier of that kind i>f technology, or production based 
on it; (ii) the deployment of technology requires the use 
of an intermediary or piece of equipment which he alone 
.manufactures ; (iii) the productive facility embodying the 
technology r^^iures raw materials which are available m 
few countries and are controlled by him. The last 
I instrument can usually be wielded by a large multi¬ 


national flniil This levera^ is depioyerf against buyen of 
technology from developing and developed countries, 

A developing country is more vulnerable and more 
leverage can be exercised against it. First, domestic 
production is more limited; many more intermediates 
and raw materials need to be imported. A technology 
buyer does not often know the alternative sources from 
where he can get them. A developing country is not 
usually able to fabricate any part of the plant and 
machinery. The country is short of investment funds and 
foreign exchange. And the offer of equity participation 
falls on receptive ears. Most developing countries lack 
design engineering services and other technical services 
for engineering designs and the purchase and installation 
of machinery and for construction of the project. Thus, 
wide opportunities arc available for the seller of technol¬ 
ogy to provide tie-up clauses or packaged deals in the 
agreement both at the construction phase and the 
operational phase of the investment. In India, the 
following channels are used to obtain transfer payments. 

I'he seller of the technology will insist on providing 
a package deal: a technology (a software), plant and 
machinery, design engineering services for plant, found¬ 
ations, construction, detailed drawings, supervision and 
production start-up, etc. I'he package deal has two 
consequences. First, the assessment of the deal becomes 
impossible in the absence of prices of individual compo- 
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nents. Second, the need for a consulting engineering 
firm which alone can assist (he buyer of technology in the 
assessment of the deal and minimising the costs is 
eliminated. That is why developing countries have asked 
for “unpackaging” such transactions as one of the 
demands. 

There is a tying-up of sale of some equipment and 
some intermediates or components. In engineering and 
some other industries, the proprietary technology is 
embodied in some pieces of machinery called “non-stan¬ 
dard equipment”. The sellers of technology provide the 
designs of non-standard equipment to the consulting 
engineering firm chosen by the buyer of a developed 
country. But they usually insist on providing “non¬ 
standard” equipment to the purchaser of technology 
from developing countries including India. 

A productive facility requires several inputs on a 
recurrent basis. Some of these inputs are scarce raw 
materials not found in India, and sophisticated interme¬ 
diates or components which are not manufactured in our 
country. The seller of technology offers to enter into 
agreernent with the buyer to sell the required inputs 
especially those in which he is the monopolist-oligopolis¬ 
tic supplier. 

The seller of a technology often insists on equity parti¬ 
cipation in the business of the buyer of technology 





Su^ii jpartidpation often is aimed at obtaining the control 
bver the sources of imported inputs. When the seller 
of technology with equity participation is a multi-national 
firm, the opportunities further widen as the multi-national 
firm could undertakcxin obligation of exporting a part of 
the output from the proposed plant. 

Transfer pricing and protits resulting from them 
have been as old as the multi-national firms. The cost of 
importing technologies has already reached a high level. 
The r^sc’AP study of 1976 stated; “The direct costs, of 
know-how, already around $ 1 billion for developing 
Asian countries, are expected to double by the end of 
this decade. In addition, there are the indirect costs of 
tie-in arrangements for import of intermediaries and 
capital equipment resulting from ownership lies of 
technical requirements, etc and, perhaps more serious, 
the penalties of inappropriate-products and processes." 
And no one has estimated indirect costs or transfer 
payment. There arc also the social costs of inappropriate 
processes and products and other features of technology. 

Technological self-reliance 

Import of technologies entails heavy costs for India. 
Royalties and fees constitute only a small visible tip of 
the iceberg. The invisible portion of the iceberg encom¬ 
passes transler payments and social costs The laliei 
include the inability of our technologies to provide a 
competitive edge to goods and services in export 
markets, direct restraints on exports of goods and 
services based on proprietary imported technologies, 
defence equipmenl based on inferior technology, lack of 
rapid diffusion of imported tecnnologies inherent in their 
proprietary character and other restrictive conditions, 
acK of incentive lor innovation in the machine¬ 
manufacturing industry, penalties for inappropriate pro¬ 
ducts and processes and cmigi alion of a large proportion of 
brilliant research-oriented scientists and technologists. 

India, on the other hand, has the potential for 
generating technologies mainly because of the ma.ssivc 
size of population (market), a good stock of scientific 
and technically trained personnel and a fairly good size 
ot diversified industrial base—not on a per capita 
-basis but on the basis of the order of total magnitudes. 
Our total Slock of scientific and technical manpower is 
estimated at 2..S million. India's 119 universities, affiliat¬ 
ing about Up.'pO colleges, five institutes ol technology, 150 
engineering colleges, 350 polytechnics and 100 
medical colleges produce annually some 150.000 scien¬ 
tifically and technically qualified personnel. About 1,30 
specialised research laboratories/insiiiutes have been 
established under the aegis of. the Indian Council of 
Agricultural Research, the Council of Scientific and 
Industrial Research, the Indian C.'ouncil of Medical 
Research, Departments of Atomic Energy, Science and 
Fechnology and Space, and the Defence Research and 
Development Organisation. In addition, there arc over 
6(K) in-house research laboratories of public and private 
enterprises. Added to them are some 150 engineering 
consultancy organisations, employing over 20,(K)0 en¬ 
gineers anci tcdinologisls. The expenditure on science 
and technology is, at present, close to 0.6 per cent of the 
gross national product. 

These figures, plus some of the RAD successes noted 
earlier, do indicate that the country can make rapid 
progress towards technological self-reliance. 1'cchnolo- 
gical self-reliance should not be confused with technolo¬ 
gical self-sufficiency. No country in the world, not even 
the USA or the USSR, is technologically self-sufficient. 
Technological self-reliance is the mix of indigenous 
development of technologies and judicious import of 
selected technologies. 


Wc may classify the process of technological self- 
reliance in five groups of related activities or in five 
modules on a functional basis. Three groups involve 
research or inventive activity, while the last two groups 
arc in the nature of services. They are:: (i) RAD 
establishments (advanced), (ii) applied research labor¬ 
atories, (iii) adaptive research organisations, (iv) design 
engineering and other related services, and (v) structural 
and construction engineering services. These modules 
represent degrees or levels of technological self-reliance. 

rhe first module demands the highest skills for it 
generates new product oi process know-how on a 
laboratory scale, assists in building a pilot plant or a 
prototype and guides Group 4 in designing a commercial 
scale facility during the initial period. I hc first group also 
helps in bringing about significant or major impnivements 
in existing technologies. It has also the responsibility of 
developing new innovations and ma|Or improvements us¬ 
ing the imported technology as a starting point. 

The imported technology neeils to be moditied to suit 
a host ot local conditions—scaling down the size to suit 
sntaller markets without increasing unit eo.sts, modifica¬ 
tion of equipment to suit local raw materials, modifica¬ 
tion of the process to suit the local climate, and changes in 
product design to correspond to local conditions. A 
major consideration in adaptation is the relative cost of 
labour and capital. This work is earned by adaptive 
research units. 

Design engineering and lelaled services constitute a 
vital clement boih iii technological sell-reliance and the 
regulation of imported technologies. Therefore, the 
functions of this group will be examined in the next 
section. C'onstruclion and structural engineering services 
undertake the task of laying the iounilations and 
constructing the buildings ol the faclorics. 

India has the potential of achieving basic self- 
sufficiency in design engineering anci related services and 
construction and structural engineering services. I'he 
same is more or less tiue lor adaptive research and 
applied research on the basis of basic knowledge of 
technologies (Groups 3 and 4) where the major con¬ 
straint is in the nature of available technical facilities and 
not the capability of our manpower. 

Our main bottleneck is advanced research and de¬ 
velopment for creating new processes and product 
know-how. The time scale in this work often stretches 
from medium up to long term. And the resources 
required are often enormous. Only the government and 
large houses in the private sector are potentially capable 
of undertaking such work. I’he performance of the 
rivale sector in creating new process and product 
now'-how is even poorer than in the public sector in 
terms of investment, operating expenditure or results 
obtained. 

Ihe thrust for creating new technologies is absent in 
India's private sector. Fhe multi-nationals keep their R A 
D facilities basically in their home countries and 
peripherally in other advanced countries because RAD 
facilities aic their basic source of monopoly power. The 
location of the most important component of their 
activities require maximum security from nationalisation 
on the one hand and from indusrial espionage on the 
other, rhey cannot be sure on gither count m India. 
India cannot provide them as good an infra-structure or 
environment for research as the home country . And why 
should they accept anything second best for their basic 
source of monopoly power? Thus, the large companies 
controlled- by the multi-nationals have no incentive to 
invest resources in R a D. 

Large companies effectively controlled by indigenous 
entrepreneurs have evolved on the basis of imported 


technologies. These entrepreneurs have «n many com' 
panies entered into financial collaboration with giant 
multi-national f^rnis. The equity particip<ation by multi¬ 
nationals in these companies does not affect the opera¬ 
tional conirol by indigenous entrepreneurs providee 
some unwritten but eleaiiy underst(u>d rules ot the game 
arc adhered to. The rules of game appear to be as follows: 
(i) the Indian partner should run the company 
efficiently and make respectable profits, that is‘ensure a 
good return on equity, (ii) preference should be given to 
the foreign partner—a multi-national—in placing orders 
for equipment, purchase oi technology, procuring sup¬ 
plies and services from abroad, (iii) the “best customer 
treatment*' should be granted to the multi-national if it 
purchases the output ol the company, (iv) competition 
with the multi-national partner should be discouraged by 
keeping out of its zone ol activities and influence 
(market), and (v) investment in advanceii R «v i) should 
be kept to a low level as “a mattei ol prudence" because 
of inherent risk, a long gestation period and high costs. 

The second and ihiid rules of the game geneiate 
transfer payments in addition to pK)lits. 1'hc fouith 
rule will restrain export while the filth perpetuates 
India’s tcchnohig\ dependence. The psychological 
make-up of Indian entrepreneurs is such that they have 
no objections to the fifth rule o\ the pme. The second, 
third and fourth rules may <icc»isionaTly be perceived as 
“concessions". However, lliey-are usually perceived as 
quid pro quo for not sharing the operational control ol 
the company. Flic absence ot the lime-hound program¬ 
me ot adequately funded projects with personal accoun¬ 
tability. low status and rank assigned to personnel 
working in K a, n laboratories, l»ie lack ot autonomy, the 
absence ol the system of rewards and penalty, dis¬ 
couraging of initiative, inadequate facililies, a feudal 
hieiaichie milieu instead of interpersonal relationship., 
based on equality on intellectual matters and recognition 
of ability, (uitdaled administrative pioeedures, petty ego 
conflicts instead ol mutual tolerance and co-operation 
and the lack of national iceognition of R iV t) activities are 
among the key factors acivcisely affecting R Ac l> activities 
in the public sector R Ac I) establishments. 

Consulting engineering firms—the strategic link 

It was staled earlier that the product and process 
design engineering competence institutionalised in the 
form of consulting engineering firms in India and the 
western countries constituted the strategic link in the 
prtreess ot acquiring technological scif-rclianee. Consult¬ 
ing engineering can be broad tnised and provides seiv ices 
to a broad spectrum ol industries. It can only be highly 
specialised in design engineering in a group of inlcr- 
rclalcd pn)cesses andA)r products 

The establishment of comprehensive plant ilesign 
and engineering services will lesult in several benefits to 
developing countries apart from securing valuable sav¬ 
ings in recurring foreign exchange cxpcruliliirc. The 
services will constitute the most important source of 
information on alternative productoc process technolo¬ 
gies, altcrnalivc sources'ol proprietary technologies and 
alternative sources of plant and equipuienl, 1 hey will be 
able to ehoose and, il necessaiy, ariange lor adaptation 
of imported lecluu>lt)gies to suit local, phvsieal and 
faettir eiuiownient, industrial and tedHU)logical inti a 
structure, scaling down the plant to the si/e of the 
market, etc. 'Fhey will undciTi«^e more effective and 
speedier diffusion of 

Plant design anck enginc^ng services are the 
depository of technologies in the public 

doinaii!^ I .veotufiljl^ they will strencMhen the bargaining 
power ol ei;itii.pieneurs. 


They can identify R & D projects ot potential 
commercial value and assist in fabrication of pilot plants 
and prototypes. They can prepare designs and drawings 
for scaling up a laboratory bench process to a commercial 
scale, riiey can engineer prototypes for commercial 
production, rhey can transfer new product and process 
know-how to industry users. Thus they constitute a vital 
link between R & I) establishments and machine manu¬ 
facturing industry, and between machine manufacturing 
industry and user-industries for the purpose of convert¬ 
ing the software into hardware embodying new and 
improved technology and diffusing this technology 
amon|: the relevant indu.strics. 

C iinsulling engineering services can also provide 
valuable inputs in the planning process in the form of 
realistic estimates of project costs and gestation periods 
of construction of industrial projects, and in realising 
rated capacity outputs and the assessment of linkage 
requirements. They can also help in preparing and 
assessing mid-term or long-term science and technology 
programmes. Product and process design engineering 
competence is indispensable for realising technological 
self-reliance and for judicious regulation of import of 
technologies. 

Identification of priorities 

The first task in the process of realising complete 
technological self-reliance will be to identily sub-sectors 
of econtuny in which we should like to achieve indige¬ 
nous capability. The sub-sector in this ease will mean a 
well-ticfined group of intcr-rclalcd processes or product 
technologies or technologies Founded on common or 
similar core processes. A classification of technologies is 
a job ol experts, ('onsequently, wc can only present here 
a procedure to be followed by wav of an illiisiralion. 
First of all wc need to scrutinise those “critical lechnolo- 
gies"--whcthcr proprietory lUM—which arc inaccessi¬ 
ble to us and identify some of theni which we deem to be 
vital for us and the future generations, ibis will include 
techntilogies in the fields of nuclear energy, outer space, 
certain weapons systems, and highspeed computer and 
microprocessors. 

The next area of importance is probably the energy 
sector, excluding nuclear energy. We should, for exam¬ 
ple, seriously examine the prospects in the field ol solar 
energy, synthetic fuels, gasification of coal and deriva¬ 
tion of hydrocarbons from plants The key issues are the 
available options, time-scale, the initial technical base 
start R A^ I) work and icsources. 
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" Tii<j third seci'dr wh'ieh certainly deserves our attention 
js agriculture with special reference to genetic modifica¬ 
tion of seeds, getting higher protein ecmtcnt, higher 
yields and resistance to pests and diseases. Cr i>ps*in I heir 
order of descending importance should be identified 

hourth is the machine-making industry which shoultl 
be greadv expanded and upgraded \o meet our growing 
needs so that we mav raise the efficiency of our re- 
pn>ducil)lc capital lafth, the exploration of the possi¬ 
bility of substituting those natural raw materials which 
aic cither imported or are in scarce supply or likeK to be 
exhausted in the next decade or two. And the sixth 
priority should go to the search lor alternative taw' 
maiciials for manulacliiring while printing paper and 
newsprint. 

Ihe above illustialive procedure is meant to indicate 
the mode of identifying priorities. The final decision on 
priorities will he taken by the F^lanning Commission A 
group of experts familiar vviih the gioup of process or 
product know-how can prepare detailed K tC i> proiects. 
including a phased programme of research and develop¬ 
ment activities—timcTand resinirce-hound- spiead o\cr 
a specitied length ot time. The mobilisation of the 
“critical mass" of resources should be ensuietl in such 
project planning I’Uinnirig of i<\ i> has. hasicallv. to l>e 
done at the micrti-level because the maco» paiamcicrs 
arc not available except lor allocating a certain peiten¬ 
tage ol total tcsoUTces lo K activities which mav he 
fixed lo rise up to a hxcti pi uentage. sa\ 1 to 2 percent, 
of the CiNt* by the ciul oi ihc Sixth Plan. I he scale ot 
our efforts is'more or less deteimined h\ the resouiecs 
available on the <»ne hand anti the prionlies approved hv 
the Flaiming ( ommission on the othei hand. 

Regulation of imported technology 


Since the negoliaiions between the developed and 
ileveloping countries on a dialt code ol conduct on 
transfer Of technology have completelv broken down, 
India has no course open except lo pass eompiehensive 
national Icgislatitm regulating transfer leehnologv. 
I'hc principal objectives ol such a legislation should iv: 
(a) to estahlish genetal equitable rules lor the inlcrna- 
lional transict ol leehnologv, .taking inio consideiiition 
special needs ol lndi;i and the legilirn itc mierests ol 
technology su|vpliers and techmdogv recipients: (b) to 
ensure that the import of technologies will be consistent 
with India's goal id achieving technological scll-ieliancc 
in general and iiutonomoiis genet aiion ol technologies in 
particular; (c) to sitenglheti the bargaining power of 
individual technology recipients; (d) lo eliminate or 
minimise indirect tosls aiul olhei social costs such as 
would result trom enviionmenlal pollution, damage ti» 
ecology, occupational health hazards, the restrictions on 
diffusion of imported technologies within the counliv. 
emigiatiun ol reseaich-oncnted engineering personnel, 
etc; and (e) to enhance the contributions ol imported 
technologies to the identilicalion and solniiori i>l social 
and economic problems of India; to facilitate an increase 
in the iniernaiional flow ol technological information, 
particularly on the availability oi alternative technolo¬ 
gies as a prerequisite toi the assessment, selection, 
adaption, development and use ol technologies; and lo 
strengthen the national technoUigical and scientilic 
capabilities, for selecting imported technologies and 
adapting them to suit local conditions and assimilating 
them into the national economy. 

The dratl outline for an international code of conduct on 
transfer of technology originally submitted on behalf of the 
experts from the Grou'p of 77 proposes some 25 
measures for regulating transfer of technology transac¬ 
tions. It further propo.ses prohibition or control ol some 
40 restrictive trade practices prevalent in the transfer of 



leehnologv tTansaclions Ihe latest drall mteinalional 
code ol conduct on the Iranstcr ot leehnologv which was 
the basis ot the Apnl-May conference which 

ended in total lailine onlv provides lor the scope of 
ii.itional legiilation encompassing linance, leiiegolia- 
tions ol the leehnologv acquisition agreement, technical 
aspects, organisational forms and mechanism covering 
17 issues. Ihc cjiaplet dealing with icsiiiclive trade 
practices -though there was no agiecmcnt on the title o! 
the chapter lists some Ji) pr;iciiccs undei difterent 
headings. These luadings aie draw-hack provisions, 
challenges to validitv, exclusive dealing, restrictions on 
re.search, restnetion on use ol 4XMsiMmel. price fixing, 
leslnction on adaption, exclusive sales tn vvrillen agree¬ 
ment, tying arrangements, export resiiiclioiis. patent 
pool, restriction on publieitv, ohlmation alter expiration 
ot mdustnal piopertv rights (pavmeiits and olhei\), 
restrictions alter expirations ol ai r.ingcmenls, hmitaliop 
on volume ot production, qualilv control, ('hligation to 
use trade marks, requirement lo provide equitv partici¬ 
pation in management, unlimited or undulv long dura¬ 
tions ol tirrangements and limitations upon use ot 
technology alrcadv impoitcd. Sever.il model national 
regulations on impoii ol leehnologv and on prohibition 
of restrictive trade practices arc available. They include 
legislations legiilaiions tiom lapan. .Argentina. Mexico. 
Republic ol Korea, eli‘ We can liame appiopriatc 
legislation in areas suited to our objectives and conditions. 


National policy on technology 

A care I III |H'rusal «d C haplet IM ol the Si.xth Plan 
(1^)S()-S5) gives Ihe impressum that the Planning C'om- 
rnission has not vet given anv serious thought tt> the 
toimulalion (d a national teehnological pi>licv and what 
are even its relevant variables. It has merelv maintained 
a status quo It is quite probable that it did not have the 
lime to examine the issue because, the concepts, 
variables, norms and measnremenl have all lo be worked 
out. Ho|kIu1Iv, It will do so now since the Sixth Plan has 
been appioved hv the National Development ( oimcil. 
'Tlie lollowmg basic issues need to lie considered. 

A A review i>l the consiiiiction and structural 
engmeej^ing capability with a view to tilling m gaps and 
upgrading quality. This should be co-rclalcil with corres¬ 
ponding educational and training facilities and industrial 
capacity and pinpoint weaknesses and corrective mea¬ 
sures. 

B. A review of consulting engineering capability 
with a view lo filling in vacancies and upgrading quality 






Ibr|!ing close links between consulting engineering niiil 
personnel tor ussessing commercial- prospects of 
research, scaling up ol laboratory-scale arid pilot plant 
results and commercialising new technologies, between 
the former and machinc inanuiacluring industry for 
incorpoiatmi! new and improved leehnologicSs and 
consulting engineers and entrepreneurs for seleelion and 
evaluation ol technologies anil speedy dillusion ot nev\ 
anil impio\ed tcchnojogies 

C'. A leview ot applied teseaieh laboratories and 
adaptive resi'af^h laboratories and R \ D outfits to find 
out the laeililies and ea[>abi!ities and Ihe present status trl 
thcii aetiMlies. to identilv piioniies tor the work 
programme and then programmes tor expansiim, and to 
introduce a regular reporting system to gather relevant 
data and information. 

I). Introduce poliev and le|iislation banning restric¬ 
tive trade practices m import id technology with special 
reference to expiui rcsinetions. ban on diffusion of 
technology within the country, ‘unpaekaging ", tie-^up 
sales, etc. 

E. National policv and legislaljon to regulate import 
of lechnologv with a view (i) to prevent abivrlmg of 
national efhnis i-^ vlevelop m(ligent)us leehnologies; (ii) 
to provide pHsitive iiuentives, ellorts and assistance for 
priMUOting d^ veln|)ineni oj indigenous technology; (iii) 
to ensno ilu seleeimn ni imported technology which is 
most sml<i!>! I ' luta! cinidilions; (iv) to prevent the 
iudiKiioii ('i h.i/ i'd-His, poliurinL' and ecologically haim- 
ful leciipi'h > ‘s) to Llimmalc or minimise the 

prospevis ol iiaitsiu pi icing and payments (indirect 
costs); (Ml to si'i’indhcn the bargaining position of 
leehnolog) n ip-u. ins, .md imi) to eliminate or minimise 
other social costs ol imported technologies. 

!■ l.stablishmcnt ol legistralion of imported teeh- 
nokymes 

(i I stablishment registration ol Indian propriet¬ 
ary technologies 

Ji Lsiablishmeiu ol legislration of (i) indigenously 
improved technologies, and (ii) new proprietary technolo- 

gi^^"^-- 

I. Lstablishment ol rcgisliation ol (a) K I) projects 
for discovering new techmilogies, (b) lesearch projects 
for impn>\ing technolivgics, and (c) adaptive research 
projects 

India's present technology import policv acts as a 
drag on indigenous R \ D work on generation of 
technologies espeeiallv m the piivale sector. iJur oig 
houses arc very large but ihev have generated lew new 
technologies This is not because ot the lack of either 
eapabilitv oi risk beaiing ability or resources. It is 
because ol the fcc/r/ro/oirv /rn/iort policy combined with 
the eL|uity participation ot the generators ol technology 
abroad- the mullinationalv tlie eidomal orientation of 
big entrepienems (of which thev are happily unaware) 
and I he lack ol positive thrust by the government lor 
geneiating iechm>logies 

India pLicc'^ less lestiietions cm import ot technolo¬ 
gies than Jap.m docs; and Japan is an advanced counltv 
competing with the I SA. Wesi ticimany. f iance and 
otliei developcti countries ot l:uiope on an ei|ual 
fooling. 1 he mode o! impoiimg lechnokyuv is the second 
vital issue, and. in India's case, perh«ips Ihe most 
iniporlant What liulia in [>iaeiiee absorbs is a prodiie- 
lion knov\-l\ow wlule Japan absorbs die know-how (a- 
sollvvaie), dieesls its novel leatures and the logic or 
rationak behmd it. masters ihe ratuMiale, and incorpo¬ 
rates It within Its R .V n laLilitres; it then uses it as a 
base mu.onU loi adaptation but basK.dly for R I) 
activities lor impioMirg the mipoiteii technologv and for 
discovering new pioiJuit and process technologies, that 
^s. lindmg new atiphcations. It ensures the diffusion of 


the same technology within Japan. Japan docs not need 
to import the improved version of the same technology 
or new applications that flow from it. 

In India, no attempt is made to diii^nosc ihi: new 
features of technology with a view to assimilating them 
in the siixk of tcchnolonicul knowledge. It is here that 
India will have to make a revolutionary break with the 
past with new' rules and regulations combined with 
incentives and assistance built pi as conditions to 
technology-import licence as well as other relevant 
legislation. Some new mechanisms may have to be 
devised for this purpi^se. In advanced counines, each 
large house is a storudnyusc id technical know-how 
which it expands. The expansion of technological know¬ 
how is the loundalion of the expansion ol production, 
renovation or modernisation. 

Some of the biggest houses in India (fiu example. 
FJirlas and Tatas) may not be granted licence to import 
technology and may be allowed to expand only on the 
basis of the technologies generated by them. Other large 
houses may not be granted teehnology-imporl licences 
in areas in which they have alieady imporied technolo¬ 
gies. A suieharge may be charged on eoiporalions which 
have not spent a minimum percentage on K \ I) 

K & r> facilities of a minimum scale may be made 
obligatory for the corporation with some minimum 
investment in a productive lacility. rhen. the most 
urgent as well as important task ol the Planning 
('ommission is to organise an experts eominittee to 
recommend on how irnpoiicd iechnol(»gies can he assi¬ 
milated into the slock of technical knowledge of the 
company and the country and how the expanded 
technical knowledge can be used for improving the 
imported technology and discovering new technologies. 
There is yet no sign that Ihe policy makers are aware of 
the issue 

ll is vital It) improve R iV I) in the private sector 
and generate technologies since enlrepieneurs have no 
constraints which the public seeloi sutlers from. 

If the public sector is to be an etfeclive generaloi ol 
technologies, several constraints will have to be re¬ 
moved. First, llie ctimpcnsaiion will have it) be at much 
higher level; and the system ol rewaids and sanctions 
will have to be intrtidueed Second, administrative and 
aeeoimting procedures will have to be tliastieallv mt)d- 
ified. Third, it nnisi have Ihe maximum ault)nt)my btith 
from the bureaucracy as well as the adminisiiativc 
hierarchy of a public scetoi enterprise. Fourth, lime and 
iest)uree-bound programmes have to be mlrtitluced; and 
Ihe principle of personal aeeountabilitv should be used. 
Fifth, research workers, iirespective t)f dilferenees in 
their salaries, get best results in an atmosphere of 
‘academic' or inlelleelual egalitarianism and non¬ 
interference trom “superiors ' wht) arc generalists or do 
not share Iheir sjieeialilies In India, the buicifueratie 
heirarehie approach and constant mtcrlercncc lend to 
deslrtvy the initiative and free int.|uiiy so important in 
R & 1) work. Sixth, in R \ l) pioieds, the scope lor 
spreading resources thinly is limited. I he principle ol the 
application ot the “entieal mass" ot lesouices must be 
the invariant guide in alloeaiion ol resources. We should 
strive to achieve these six conditions in the R tX n 
components of the public sccioi it wc wish lo make ii 
productive as well as cost-cflective 

PRAFULLA SANGHVI 

Dr. Sanghvi, a member of the Monopolies and Restrictive Trade 
Practices Commission. New Delhi, was earlier with the United 
Nations Development Programme in New York dealing, among 
other things, with technology transfer and development. He has a 
Ph D in' economics from Cambridge University, England. 
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" You shouldn't have commissioned that architect to build the pyramid, Your Excel¬ 
lency lie IS a hit too unconventional." 
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"Every time we pass this way you do it! 
You very well know it's one of those dum¬ 
mies put by the game sanctuary authorities 
\to attract tourists." j 






■ ) (HI iike 11' iidiul' I'll tell you what ii /\. 
\aw tiu\i. mimed India nihhci. shredded 
paper hii\, lunlcd ." . 


"The great thing about this new inset t spray is it doesn't kill It quietly drn es out the 
insects f” 


...and of Scientists 


I RVING Langmuir, who won the 1932 
Nobel Pri/c for chemistry for his work 
on surface chemistry, could collect chil¬ 
dren around him with the case of a Pied 
Piper. When people came visiting—or 
when the Langmuirs went visiting— 
Langmuir would be found with the chil¬ 
dren in the backyard, as likely as not, 
where he would show them all sorts of 
tricks. He used whatever was at hand— 
sticks, stones, pieces of string, buckets and 
hoses. He might lie a stone at the end of a 
siring and say, “Now, let's talk about the 
pendulum." Or he might whirl a pail of 
water over his head while the children 
wondered why the water did not come 
pouring out ot the upside-down bucket. 
Or he might do the pokcr-aiid-compass 
trick, giving the iron poker a good hard 
knock with a hammer to loosen its cry¬ 
stals, then magnetising it. (This trick got 
him into tioiible with a sister-in-law one 
day when he knocked the brass handle off 
a prized poker.) II the child was loo little 


to talk or listen, Langmuir would simply 
bounce him up and down on his knee, 
chanting: 

' In phase out ot phase, 

“In phase, out of phase." 

Langmuir did a lot of work on the 
effects of hot metal surfaces on gases. His 
finding that the rate of evaporation of 
tungsten atoms from the glowing filament 
of an electric bulb decreased when an inert 
gas was used in the bulb, instead of having 
u vacuum us was usual at that time, 
resulted in prolonging the lifetime ot elec¬ 
tric bulbs. 


by itself. It was all very tiresome, natur¬ 
ally, but protocol was protocol. 

When It was Umgmuii’s turn to speak, he 
got ut> and, with the characteristic blunt- 
ness of a man who had never learned the 
art ot small talk, began: “If you take a 
tungsteii wire and Bclore he eouid 
finish the senlenee, a brief burst ot spon¬ 
taneous applause broke out among the 
delighted .scientists, who then repeated all 
ovci hurope the story about the straight¬ 
forward American. 

C. UBEROI 


L angmuirs lecture at Budapest, 
during one of his lecture tours of 
Europe, became famous, not for its con¬ 
tent, but for its preamble. As the scicnti.sts 
Gabor and Szilard tell it, the audience at 
the University was packed with high- 
ranking Hungarian nobility and at least 
one member of the Hungarian royal fam¬ 
ily. Each speaker, before beginning, 
turned obsequiously to the formidable 
assemblage of aristocrats, addressing each 
in turn by his full title, so that the normal 
“Ladies and gentlemen" kind ot intro¬ 
duction turned into a long-winded speech 


I N Spite of his preoccupation 
with science, Albert Lin.stein lound ‘ 
time to play the violin. He could hold his I 
own in recitals with top [>rofcssionals. 
Things did sometimes go wrong, hovvev'er. 
Once, playing a duet wuh the gicai pianist 
Arthur Schnabel, he tumbled at one point, 
and the man tor whom mat hematics was a 
second language was rebuked by : 
Schnabel, “What's the mallei with you, > 
Einstein, can't you count?” 

B F CHHAPGAR . 







Scientists and Statistkaaiis! 

NowDCM Data Products 
offers a ro<nnful of conqRiting power 
onyourdesk-SPECTBUM/3. 



Advanced Hardware Suppwt Service 


JSdfcantained,C(Mni>act 
Computing Package 

The Spectnin)/3 is a dream 
;<XMne true for Scientists, Statisticians 
fingineers. Designers, et al. 

Computing power never before 
ikvailable in India is literally at your 
i^Snger tips,on your desk. 

You can use BASIC as well u 
FORTRAN-two of the most widely 
dsed high level languages to handle 
complex programs in application 
areas like Multiple Linear Regression, 
Inversion ofMatrires, Solutions to 
Fblynomials, Differential and 
V S^ultaneous Equations, Linear 
Programming and PERT. 


The Spoctrum/3.with the latest 
8-bit micr^rocessor,comes with a 
standard 32K Bytes ofMain Memory, 
expandable in modules of 16K Bytes 
up to 64K Bytes; a 40 Character 
Green Display; an 80 column Dot- 
Matrix Printer and a CR'l* with a 
display of 1920 Characters. 

You can start with the basic 
machine and add the peripheral 
devices as you keep growing. 

The Spectrum/3 will lx 
delivered with 20 Scientiflc and 
Statistical routines to avoid the 
bother of programming. 


DCM Data Products has, 
during the last three years, installed 
over 300 Spectrum/Galaxy systems 
all over India. We have currently a 
network of 22 oflices and service 
centres to service your machine. You 
can, therefore, be quite sure of getting 
prompt and adequate after-sales- 
service. 

Fill in the coupon below and 
mail it to us. 

We’ll give you all the facts of this 
exciting new machine. 
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SCIENCE SHAPES LIFE 


JAPAN'S NUCLEAR SPILL 

On 7 March 1981, an estimated 15 
tonnes of radioactive water in a 
Japanese nuclear power plant over¬ 
flowed, covered the floor of one room 
and went splashing down its long corri¬ 
dors. A small portion of it flowed into a 
tank connected to an adjacent laundry 
room. Through cracks in the room 
it seeped into the ground and through a 
storm sewer line reached a fishing bay. 

The spill has apparently caused no 
harm to the fish or the men and the 
incident was covered up. Then, a month 
later the Japanese health authorities 
discovered radioactivity in shore sand 
and in an inedible weed during routine 
sampling: this brought the incident to 
light. I'he accident was due to someone 
having forgotten to shut off the intake 
valve. 

In 1975, it has now been found. 35 
workers had been exposed to an un¬ 
known amount of radiation in a similar 
spill and in January 1981, 23 workers 
were exposed to radiation during re¬ 
pairs. The furore caused by the latest 
discovery has led to the resignations of 
the president and the chairman of the 
Japan Atomic Power Company. 

Japan already has 22 operating reac¬ 
tors and plans for 35 more by 1990. 
Whether information on such potential¬ 
ly hazardous spills is given in time or not 
becomes a major problem, especially 
after investigators have now also learnt 
of four other undisclosed spills and 
accidents at the plant over the past five 
years. 

RED PUTS A STOP TO CHICKEN 
FIGHTS 

Put a bunch of chickens together and 
they will set up a dominance order by 
pecking at each other; the winner stays 
on the top. ITiis sort of .sociological 
dominance order is called the peck 
order. When chickens are crowded 
together in coops, such competitive 
fights occur more often and in a poultry 
farm, where crowding is usually the 
rule, about 25 per cent of the birds are 
lost in these fights. This is because if 
blood is drawn from a losing fowl— 
during a fight—the rest of the birds 
peck it to death. 

Poultry farmers have one solution to 
the problem—mass disarmament. One 
third of the bird’s upper beak is cut so 
that it cannot inflict fatal wounds. 
However, this debeaking also affects 
eating; a lot of chicken feed is lost due 
to the spillage while eating. So the 
problem is to get a method of prevent¬ 
ing fights without causing any other 
losses. 

Now scientists at the Virginia. 



polytechnic Institute (VPi), USA, have 
found that if birds were fitted with red 
contact lenses, the fatal encounters 
would not occur. Not only that, a firm 
hired A. T. Leighton of vpi as consultant 
and he has already designed a lens. It is 
made of plastic, and rests over the inner 
of a hen’s two eyelids. Tlic inner eyelid 
keeps the eye moist and avoids the irrita¬ 
tion caused by earlier designs. 

NEW BONES FOR OLD 

Scientists at the Harvard Medical 
School still don't know how, but they 
have managed to make patients grow 
bones of almost any size and shape, 
and, they hope, anywhere in the human 
body. 

Replacement bones were grown in 
about 30 patients between the ages of 
one and 59. A six-year-old boy with a 
severely distorted skull had most of it 
removed and regrown into a normal 
shape. 

Plastic surgeon John Muhiken and 
biochemist Julie Glowacki do not use 


grafts at all. Instead they use collagen, a 
gluc-like protein extracted from bone. 
Collagen can be made into blocks, discs 
or paste which then serves as some kind 
of template. Somehow collagen stimu¬ 
lates surrounding cells to form bone and 
migrate into it and the patient himself 
grows the bone around the template! 

EXOTIC AIR POLLUTANTS AT THE 
NORTH POLE... 

No local factors pollute this atmos¬ 
phere, yet two US groups and one 
Canadian group of air chemists have 
found aerosols in the Arctjc air. In the 
spring and winter, pollutants cross more 
than 5,0(K) km to pollute the Arctic and 
produce a pervasive haze. 

The early winter-aerosols seem to 
come mainly from the central Soviet 
Union but as winter progresses West 
Europe is the main contributor and by 
spring the tJS has its turn. The longest 
routes take the particles between 
5 and 10 days of travel and are longer 
than the 2,0(K) to Xm) km pollutant 
pathways so far known. The pollutants 
are found only in the spring and winter 
because they are not washed out by the 
small precipitation. The aerosols will 
definitely heat up the Arctic but the 
undecided question is how much? 

...AND IN THE TROPICS 

More than 1700 rainwater samples col¬ 
lected at nine places on the Hawaii 
islands show increasing acidity as we 
climb up. from a pH of 5.2 at sea level 
(pH below 5.6 is taken to characterise 
acid rain) to a pH of 4.3 at 2.500 m. This 
is equal to the annual average pH of 
rainfall in northeast USA, the most 
industrialised part of USA^ By contrast, 
the position is not as bad for the 


WHEN THERE IS MORE THAN ONE CORRECT ANSWER 


Can examiners be stumped by their own 
questions? Not impossible. Two 17-year 
olds in the US. David Lowen and Michael 
Galligai^convinced the designers of the 
Scholastic Aptitude Test (SAT) that two of 
their answers marked wrong were cor¬ 
rect. Result: students in the US receiving 
aSA rwill now get a copy of the questions, 
a list of correct answers and their own 
answer sheets. 


Lowen’s answer concerned pyramids. 
If two equal faces of two solids are 
placed flush together the number of 
faces of the composite solid is the total 
number of faces of the two pyramids less 
two. But what if some faces join up to 
form a single continuous one (see fi¬ 
gure)? Apparently sat designer had not 
thought about it, and marked Lowen's 
correct answer wrong. 


Pyramids floor sat examiners. In the two pyramids at left below', all the faces, except 
the square base of one, are equilateral triangles of the same size. Place them one upon 
another so that the shaded faces cover each other. You will get a solid with five faces, 
as shown at right'below, instead of one with the expected seven (5+4-2) 








I'^feiatively cleaner southern hemisphere 

Samoa, an island in the South Pacific; 
Itbe pH was 5.h, the anticipated value of 
lliincontuminatcd rain. 

|K From where d«es the acid come? 
j^Obviously, the first candidate are pollu- 
?|lints from the industrialised areas. In 
T thc proposed mechanism, they travel 
[• a height of several kilometres, quite 
^ imlikc the pollutants travelling to the 
^.Arctic. But like the Arctic pollutants 
?:thcy are also not washt^'d out of the air 
[{fyr lack of contact with the ocean 
surface and precipitation. Later they- 
subside towards the ocean surface. Re- 
^Marchers even suggest that in Hawaii, 
rainstorms may pluck them out of the 
I Iropospherc and wash them down. 

{; But a natural source cannot be ruled 
^■OUt completely. Biological processes in 
'^Vthe ocean also produce sulphur com- 
V pounds like dimethyl sulphide. This 
t may oxidise to sulphuric acid to give 
^^ 'lK;id rain. 

^ WHO DISCOVERED CALCULUS? 

I Newton and Leibniz almost simuL 
taneously discovered the calculus. They 
I!- fought a fierce and bitter battle each 
claiming to be the first discoverer. Now 
f: W. Wicser (Science 212 875) preempts 
ir both of them. 

Wicser reports that the calculus was 
discovered even earlier by an obscure 
but brilliant Austrian monk with an 
|i' impossible name, Johan Jakob I'schiirt' 

I achenthaler (1630-1670) from 7’haur. a 
'small village near Innsbruck. Johan, a 
farmer’s son, ran away from home and 
" look shelter in the Strains monastery. 

The monks quickly discovered his in- 
' fcllectual powers and educated him. 

Johan went on to construct elaborate 
^^wind-driven waterworks, a famous 
!. dock and many other mechanical dc- 
^ vices. He was also a skilled mathemati- 
,^.dan, though with a very practical mind, 
jiand invented a new method of triangu- 
'lation for measuring mountain height 


ipnraf prieci^ dh 

calculations, which contain.s all tne in¬ 
gredients of the calculus, can he dated to 
the year 1660 or 1661, a few years 
before either Leibniz or Newton arrived 
at their results. He might certainly have 
found many practical uses for the calcu¬ 
lus had he not died untimely by drown¬ 
ing a few years later. 

FUELUNG ON THE MOVE 

What would electric car fueling stations 
look like? Probably there won’t he aay 
special fuelling stations. If the USfScieri- 
'tists’ research proves feasible, roads will 
have’fuelling stretches laid out at regular 
intervals! And all you have to do to 
recharge you automobile is to djive over 
it. To all appearances, a short 50 m track 
of road built by researchers at the Lawr¬ 
ence Livermore Laboratory, USA, looks 
like any other asphalt road. The road isun 
almost continuous recharging station 
which can deliver UK) k W of elect riepow- 
er to specially modified electric cars. 

Recharging is the main problem with 
electric cars, especially on long and lone¬ 
ly stretches of road. The new electro¬ 
magnetic roadway has thick, insulated 
aluminium current-carrying cables run¬ 
ning through them. The cables set up a 
huge 10,(K)()gauss magnetic field. Special 
pick-up elements suspended from mod¬ 
ified designs of the electric car soak up 
power from the inductive current. 

Modified cars can run at 90 kilometres 
per hour and draw their power while.on 
the move. The cost of building such road¬ 
ways, it is estimated, would be Rs. IS 
lakhs (US $ 22().0(KI) to Rs. 30 lakhs (US $ 
375.(MK)) per kilometre. 

WHY SATURN IS HOTTER THAN IT 
SHOULDBE 

Saturn emits 2.5 to three times as much 
heat as it receives from the Sun. Where 
does the extia heat come from? The 
secret, it appears. lies in draining of 
helium from Saturn’s upper atmos¬ 
phere. 

Saturn's atmosphere, like Jupiter's, is 
mainly made* up of hydrogen and . 
helium. Since helium is heavier than 
hydrogen, it has a tendency to sink* 
downwards to planelarv surface. And 
friction between descending helium 
droplets and surrounding hydrogen pro¬ 
duces the excess heal. This view can be 
checked by seeing if there is any deple¬ 
tion of helium in Saturn's atmosphere 
compared to Jupiter's which has 90 per 
cent hydrogen and 10 per cent helium, 
the same as that in the Sun. the stars 
and in the universe us a whole. 

Jupiter also emits excess heat—about 
1.8 times the amount it receives from 
the Sun. But this is nicely accounted 
for. It is just what a planet of Jupiter's 
size, formed nearly 4.5 billions years 
ago, would be radiating as it cofils off. 

The excess heat of Saturn cannot be 


the planet. To emit so much heat, 
Saturn would have to be voiineer— 
about two billion yean old. The that 
Saturn formed later than Jupiter seems 
preposterous since it is amtraiy' to our 
present understanding of the formation 
of the solar equator. 

The scientists were in a fix because 
the previous ground based and Pioneer 
11 observations could not show helium 
depiction. But the .infrared instrument 
on board Voyager 1 spacecraft which 
flew past Saturn indicated helium 
abundance to be four per cent^just the 
estimated value if gravitational separa¬ 
tion of the two elements, hydrogen and 
helium, had been taking place. 

CAESAREAN DELIVERIES ARE BAD 
FOR THE MOTHER 

Repeat caesareans are one of the four 
main medical reasons why the frequen¬ 
cy of caesarean deliveries has jumped 
3lM) per cent in the US over the past 
decade. Ninety nine per cent of women 
who' have undergone one caesarean 
delivery have to undergo another ir 
subsequent pregnancies. Abnormal 
labour, fetal distress and breech deliv¬ 
ery, in which the fetus i» delivered 
bottom first, are the other three 
reasons. But there are other non¬ 
medical reasons as well and many of the 
caesareans could be handled different¬ 
ly, according to the papers presented at 
the first International Symposium on 
C'omputers in Perinatal Medicine in 
Cleveland, USA. 

Obstetricians, it emerges from a pap¬ 
er by Helen 1. Maries, perform some 
caesarean sections ((-section) to avoid 
the mothers suing them for the delivery 
of u less than perfect baby. Yet, more 
malpractice suits are filed/or ('-sections 
rather than a failure to perform them. 
The second, and simple, rea.son is that 
c-scctions earn obstetricians more 
money. 

Calvin J. Hobel of the University of 
California presented a study showing 
that repeal caesareans may cost more 
and be less safe than normal vaginal 
deliveries. Hobel and colleagues com¬ 
pared cases of women who were under¬ 
going repeat caesareans and those 
undergoing normal deliveries after 
undergoing one caesarean. They found 
a significantly higher risk of infections 
for the mothers undergoing repeat 
caesareans. 

Of course caesarean deliveries cannot 
be dispensed with when obstetrical 
complications require it. But they need 
not be resorted to so often. The US 
National Institutes of Health task force 
on the subject reported last year that 
even abnormal labour should be cor¬ 
rected wherever possible rather than 
rushing in torThe quick caesarean way 
out. 
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HOW FARES YOUR FVCI 

Remember the days when you blew 
balloons as a child. Was blowing a 
balloon much easier for you then than it 
is today? If so, you perhaps will not live 
very long, according to a report in the 
Journal of the American Medical Axso^ 
ciatioti 

Forced vital capacity iFVC) measures 
a perstm's ability to take a deep breath 
and forcefully exhale into a spirometer. 
According to William B. Kannel and 
colleagues at the Framington Heart 
Study in Massachusetts, USA, t ve is a 
measure of a person's overall "capacity 
for living". In addition, the invcMiga- 
tors have discovered that hand-grip 
strength is one of the best correlates of 
FVcJCould gripping too thus be an 

index .of physical fitness? 

And you can't have your hvc intact 
for ever. Fvt’ declines with age. And 
even with training you cannot regain 
much of it that is lost. In most cases, 
athletes have higher FVCt than others, 
The report also says, cigarette smoking 
accelerates the decline of FV(' But when 
an addict quits the habit the rate of 
decline of rvc' can again get back to 
normal. 

Although women have smaller FV(\ 
than men, their fv(\ arc better indica¬ 
tors of health than the men's, says the 
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altair and w 4^* 'ffot!|gtmatUHft 
vivahilijty^. App^ntly the !5o^ Ua- 
t<m flibeady fcn^ ab^ it aiid« some 
fidendsts and.ppHcy njakprs argue, are 
already taking Mps a^ipM it. Military 
strgtagisfs 'ftaT ' that. bi a pre-emptive 
strike. EMP woiilddisnmt *^eommand and 
control'* operatiolis of the US weapon 
system. 

Satellite systems would be more reli¬ 
able, '*survivable", and ^ would be the 
optical fibre based cOmmttnicution sys¬ 
tems. But even now, no one realty 
knows how •‘Sttirivabk” a ^‘hardened" 
system would be. What is more serious, 
as L. Basdefcas, a kafety engineer with 
the IfS Kucleaf Regutaioiy Commis- 
sion (NHC'K points out is the possibility 
on mebdowi^m nuclear reactors. A US 
gotmrnfneht study had found it unlikely, 
blit in view of the debate, the nhc* has 
diftided to take a second look. 

The most difficult part of E^ip rcgula- 
tibn is that it affects outdated,, ineffi¬ 
cient first generatioiir electronic equip- 
mentmuch less than the later generations 
erf efficient, miniaturised, solid-state 
components; And yet, ^nuclear power 
and nudear weapons have become acqi- 
rate andefficlent precis^ly because of the 
microchip revolution. 


report. For instance, an inverse re¬ 
lationship between FVC' and heart dis¬ 
ease is striking in women—a relation¬ 
ship that is independent of age. obesity, 
smoking habits, and evidence of lung 
disease or chest deformity. 

MAKING THE THIRD WORLD SMOKE 

Most of us are familiar with the statu¬ 
tory warning printed on Cigarette pack¬ 
ets and their advertisements. The fact 
that smoking causes cancer and a host 
of other problems is well known only 
among the educated, especially in the 
developed world. The majority of peo¬ 
ple in the developing countries--' mostly 
in African and Asia where no health 
education usually exists—still view 
smoking as a refreshing habit and one 
that symbolises success and virility us 
the advertisements invariably suggest. 

In a recent issue of USA Today, 
Elizabeth M. Whelan and Margaret 
Sheridan who are, respectively, execu¬ 
tive director and research associate with 
the American Council on Science and 
Health discuss the consequences of this 
third world attitude to cigarette 
smoking. 

The fear of cancer, government con¬ 
cern over the cost of health care and 
regulated advertising, among other 
things, have together brought the de- 


fband (rir cigarettes to a standfstill in the' 
USA and other industrialised western 
nations. But, in many developing na-. 
tions cigaiette smoking is increasing at 
an alarming rate. According to a Food 
and Agriculture Organisation (FAD) 
estimate, tobacco consumption rose by 
only 4 per cent in North America during 
the last 10 years. During the same 
period, it rose by about 33 per cent in • 
Africa and by 24 per cent in Latin 
Amcricu. 

Whelan and Sheridan say the chief,; 
reasons for this is the American tobacco ; 
industry's marketing strategy. Faced ! 
with a threat of diminishing sales in ' 
their own land, cigarette manufacturer 
have identilied the people of the third ! 
world as a vast, untapped market for 
their product. Happily for them, very ' 
often, even restrictions on advertising 
do not exist in most of these coun¬ 
tries. And a more subtle, but no less' 
important, industry effort has been 
undertaken to convince governments of 
the economic benefits from cigarette 
tuxes. "In some cases, this persuasion ' 
has been enhanced by disreputable 
methods", say the authors. 

Some .statistics to confirm what Whe- , 
lun and Sheridan have said may be got 
from a recent UN ( onfercnce on Trade : 
and I'>cvclopmcni report entitled “The 
Marketing and Distribution of Tobac- ] 
co". American cigarettes exported are \ 
probably much more carcinogenic and 
otherwise harmful than the same brands " 
available at home. For instance, Kents ■ 
sold in the Fhilhpincs contain 33 mg of , 
tar per cigarette as compared to 16.5 mg . 
in the US The same goes for Kools: 32 ! 
mg as compared to IS mg. The UN ' 
report concludes. "In addition to mass ! 
advertising, another component of i 
world tobacco marketiog is global cor¬ 
porate bribery, or the ‘pay-off complex 
involving million of dollars." 

No wonder US exports shot up from 
an annual $h5() million worth of tobacco 
products in 1974 to $2,150 million in 
1979. setting the stage for smoking- 
related di.scases on an epidemic scale on 
this side of the Earth. 
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The latest Jaguar International, in service with the Indian Air 
Force, is an even more powerful version jf the aircraft which 
has proved m service with the Royal Air Force in Britain and 
ae^any, with L Arm^e de I'Air in France and overseas, and 
with the air forces of Ecuador and Oman, that it provides the 
versatile, cost-effective weapon system essential to meet 
requirements throughout the 1980s and 


■ it combines supersonic performance with outstanding weapon- 
load/range capabilities and the ability to sustain high mission- 
rates with a minimum of technical support. 

■ It has the advanced systems design and structural dualities to 
penMratc wphisticated defences at high speed and low level 
in all weathers and to locate and attack the most difficult targets 
with consistent precision. 


■ H hds ttie roluibilifv and tjdsn of mairitamabilily to allow long 
periods of operation away from base faciliti*?s 

■ its short take-off and landing characteristics enable it to operate 
from unprepared strips, roads, grass or desert surfaces. 

• it adds formidable air-combat, self-defence capabilrty to the 
exertional survival ability ensured by rugged structure, twin* 
engine configuration and duplicated systems. 



Dtisinned and IjujIt hy ^^alEaF^alEaCaa JlkaTa 

‘It) be developed and built in India by 

HINDUSTAN AERONAUTICS LIMITED, 

BRITISH AEROSPACE A DASSAULT/BREQUET, FRANCE. 
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School children looking for bits of meteorite that hit the Earth at Dhajala in Gujarat. 
Guided by scientists from the Physical Research Laboratory, Ahmedabad. the children s 
were quick to recognise the extraterrestrial stones. The meteorite landed in the evening 
of 28 January 1976 accompanied by a loud noise and light effects. About 35 cm across, the 
object broke into bits while passing through the atmosphere 


...With a little bit of an asteroid m hand 


S IXTY kilometres east of 
Flagstaff, Arizona, USA, lies a 
crater l.S km in diameter and 170 
metres deep. It was caused by a 
nickel-iron asteroid about 22,000 
years ago. About 25 metres in dia¬ 
meter, it came in from the north with 
a velocity of at least 15 km per 
second. The energy of this impact 
and explosion was equivalent to 1.3 
X 10’ tonnes of tnt (trinitro tolu¬ 
ene), which is used as a standard 
unit for measuring explosive effects. 
Compare this with the 2 x 10^ ITSIT 
equivalent of the nuclear bomb drop¬ 
ped at Hiroshima. 

Fortunately, according to Eugene 
Shoemaker, of the Jet Propulsion 
Laboratory, Pasadena, USA, the 
chances of such an event occurring 
anywhere on the Earth is once in 10' 
years. 

What are asteroids and where do 


of stars and splotches of clouds be* > 
tween them? These clouds are com-^ 
posed of gas and dust particles from | 
which new stars can form (SCIENCE 
Today. April 1981, p. 25). The de¬ 
nsity of these clouds, however, is too, 
low—of the order of 10 “ gm cm^’—to 
be able to form a .star or a planet. But ^ 
if there is a big increase in density, 
the self-gravitation can make the 
cloud collapse into a star. 

The density increase may result, 
from the shock front of the material 
sent flying out by a supernova. That ^ 
supernovac were indeed involved in 
the formation of the solar system has 
become clear from the study of; 
meteorites. A meteorite that fell in : 
1969 near the village Allende in 
Mexico has revealed abnormal com¬ 
positions in its small, centimetrev 
sized inclusions which could have, 
resulted only from an influx of super¬ 
novae material. 



Bite of the Ohaiala meteorite 


they come from? It is believed that 
after the Sun was formed, it was 
surrounded by a cloud of particles. 
These particles met, fused and grew, 
and formed planetesimals which, in 
turn, by further aggregation formed 
the terrestrial planets and the cores 
of outer planets. Asteroids are left¬ 
over pieces of such planetesimals, 
with little modification other than 
those caused by mutual collisions. 
They represent the most primitive 
material from which the solar system 
was formed. 

The story of asteroid's origins is in 
a way the story of the origins of the 
Earth and the solar system. 

On a clear, dark night, have you 
seen the Milky Way, with thousands 


The Sun itself is the result of an / 
accretion of dust particles as well as \ 
the gas of the interstellar clouds. Its .5 
composition—mostly hydrogen—^i$ 
similar to that of the cosmic abund- J 
anccs of chemical elements. Closest I 
to the Sun are the terrestrial | 
planets—Mercury, Venus, the dou- i 
ble-planet Earth-and-Moon and ] 
Mars. They consist mostly of heavy ^ 
elements. Farther out, the cosmic | 
abundances are dominant again in | 
the planets Jupiter and Saturn. as:.i 
also in the outer gaseous planets 
Uranus and Neptune. The outermost 2 
planet Pluto is a special body similar | 
in composition to cometary nuclei ^ 
and satellites of outer planets. 

Most asteroids occupy a belt that 





betwl^ the <»fbits 6t Man a>i4 
! Jupiter and form a chemical transi¬ 
tion region. 

Special eharaeteriatiee 

About two hundred years ago, 
from a formula known as the Titius- 
’Bode law of planetary distances, it 
was inferred that a planet was mis¬ 
sing between Mars and Jupiter. La¬ 
ter, instead of one, many small 
planets, or pianetesimals, were found 
(see box on p. 26). d now the 
yearly catalogue tpi.cmerides of 
Minor Planets issued by the Institute 
for Theoretical Astronomy in 
Leningrad lists 2,17R asteroids in its 
volume for 1981. It also gives the 
precise orbits and coordinates and 
the most favourable times for observ- 
. tng them. 


orbits around the Son, mostiy in the 
Main Asteroid Belt which lies just 
outside the orbit of Mars. These 
orbits observe the following laws: 
each orbit is an ellipse with the Sun at 
one focus; equal areas are swept out 
in equal times; and the scfuare of the 
period is proportional to the cube of 
the distance from the Sun. 

The' largest asteroid in the main 
belt is about 1,000 km in diameter. 
The mass distribution of asteroids is 
such that there are a few large 
asteroids and increasingly more of 
the smaller ones; it is estimated that 
there are about 100,000 of them of 
one-km diameter. The frequency at 
which they collide with one another 
is about once in 10" years. The force 
of the collision and Jupiter's gravita- 


ments through space. 


The Earth-approaehen 

In the region dear Earth, asteroids 
come in three types. They are called 
the Earth-approachers. The tirst tyjw 
consists of asteroids from the main 
belt which have an extremely elliptic 
orbit. Their Mrihelion—^the point on 
the orbit which is nearest to the 
Sun—is close to the Earth’s orbit or 
even inside it and the aphelion—the 
point on the orbit farthest from the 
Sun—lies in the asteroid belt. The 
second consists of asteroids whose 
nearly circular orbits lie close to that 
of the Earth. The third type is made 
up of the nuclei of dead comets. 

The second category was disco¬ 
vered just five years ago and at 


The Spacewatch Camera 

There are several reasons why the 
Earth-approaching asteroids need to be 
discovered and studied to a much grea¬ 
ter extent than is presently done. This 
can be done with a camera. We consi¬ 
dered a photographic Schmidt Camera, 
but the efficiency of its photographic 
plates is too low to detect the small* 
fast-moving objects that make a trail on 
long exposure. Some preliminary sur¬ 
veying is underway using Schmidt-type 
photographic telescopes, especially at 
Patomar by Shoemaker. But the dis¬ 
coveries are slow to come. Only two oi 
three asteroids are found each year. In 
Arizona we are therefore designing a 
special l.S-nietre aperture telescope, 
the Spacewatch Camera. This is being 
done together with Shoemaker who 
works on this programme at the Jet 
Propulsion Laboratory. 

A 10-year task has been laid out to 


The three telescopes of the University of 
Arizona Observatories on Kitt Peak. The 
dome on the left is assigned to the future 
Spacewatch Camera 



discover the estimated 1,500 Earth- 
approaching objects and to determine 
their orbital elements (semi-major axis, 
eccentricity and inclination with respect 
to the ecliptic plane), reflectivities and 
colours where possible. A detector 
called CCD (charge-coupled de¬ 
vice) chip appears to be the appropriate 
panoramic detector. Our camera will 
have an array of 512 x 320 pixels that 
are semiconductor light-sensitive ele¬ 
ments, silicon diodes, each of size 30 x 
30 micrometres. The ccd will be 
mounted at the prime focus, F/2.2. The 
direction of the row of 312 pixels will be 
in the direction of scanning the .sky, in 
right ascension. 

Charge coupling means that, at a 
controllable rate, the charge is transfer¬ 
red from pixel to pixel along the row of 
512, finally arriving at an output regis¬ 
ter. The rate of the charge transfer is set 
equal to the rate of the scan of the 
telescope on the sky. The output regis¬ 
ter reads each arriving charge from the 
512 columns and the 320 rows. 

All of this, adding up to 1.5 x 10^ 


binary digits (“bits”) per second, is 
stored in a computer. After a 5-minute 
scan, the telescope is reset and the 
same scan is entered, while the compu¬ 
ter finds out which one of the stars did 
not occur at the same place on the two 
scans. Hiese then were not stars but 
moving objects—asteroids or cometary 
cores that came close to the Earth. 

The use of Spacewatch Camera can 
open new perspectives. It can help not 
only to avoid disastrous, meteorite or 
asteroidal impacts on the Earth, but 
also to understand these fellow travel¬ 
lers in space better for an improved 
understanding of the origin of the solar 
system. Knowing their total population, 
orbits, .sizes and types, we can infer the 
possible rates of collision with the Earth 
and Moon. Comparing these rates with 
the records of impact-cratering on the 
Earth and Moon, we can determine the 
relative order, in terms of mass and 
time, of the impact events. We could 
also study the origin and dynamical 
evolutions of asteroids and cometary 
cores, and investigate the connection 
between the meteorites and their pa¬ 
rent bodies. 



The 162-cm 
Spacewatch Camera 
sketched into Its dome 
on KItt Peak. The drives, 
in right ascension and 
declination, will be tor¬ 
que motors directly 
attached to the axles. 
The position control will 
be achieved through 
encoder outputs anal¬ 
ysed by the electronic 
drive s^em computer 
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known. They are called the Atens. It 
is surmised that they strayed away 
from the main belt and the gravita¬ 
tional effects of Mars and Earth fixed 
them in their present orbits. Some of 
them have not as yet been captured 
and they still move freely in space; 
their orbital speed and direction are 
more or less the same as that of the 
Earth. 

So far« 40 Earth-approachers have 
been discovered. Based on the statis- 
tics of the discoveries and from their 
sizes, Eugene Shoemaker has esti¬ 
mated that their total population is of 
che order of 1,500 for objects larger 
than one-km in diameter. Even 
thoi^h their orbits may cross that of 
the Eiarth, the chance of a collision is 
very small. 

For a collision to occur, the object 
and the Earth must be coincident: 
that is, they must be in the same part 
of the orbit. This may never occur. 
An example is the asteroid 1K64 
. Daedalus discovered at Palomar 
Observatory, in 1971; it cannot 
get closer than 40 million km to the 
Earth—well outside the collision 
range. In the distant future, howev¬ 
er, this may change. The orbits of the 
objects are unstable and greatly 
affected by the gravitation of Jupiter, 
Mars, Earth and even Venus. 

What arc asteroids made of? 
Defermining the chemical compo¬ 
sition of these objects is done best 
by obtaining samples froni their sur¬ 
faces and bringing them to our labor¬ 
atories for detailed analysis, as was 
done for the Moon samples. A future 
space mission may indeed obtain 
such samples through unmanned, or 
even manned, missions. Even today, 
it is possible to obtain at least an 
indication of the chemical composi¬ 
tion of these objects by remote sens¬ 
ing. A material that consists partially 
of carbon, for instance, is very dark 
and has little spectroscopic signa¬ 
ture. A metallic object, on the other 
hand, reflects the sunlight better and 
the silicates even more strongly, with 
wide but clearly distinguishable and 
identifiable absorption bands. 

The metallic objects are of special 
interest, in that they hold the possi¬ 
bility of,mining of asteroids in future. 
In Sudbury, about 200 km northwest 
of Toronto, is a 58 km x 26 km 
crater. Originally, it must have been 
fairly round but, apparently, it has 
been squeezed into an elliptical form 
by plate tectonics. Some 1.7 x 10' 
years aeo., it seems, an asteroid 
crashed here. Either it was a metallic 
asteroid or its impact caused a 
terrestrial metallic upwelling, the re¬ 
sult has been a gigantic mining 
enterprise on the site. Apart from 
copper and some noble* metals, over 



A comet against the background of star- 
trails 


Rs. 4,000 million worth of nickel is 
mined from here every year. 

This was, uf course, an object that 
had already landed on Earth. But 
this does make one think of the tar 
future of our children and grandchil¬ 
dren, in terms of resources in space. 
The supply, however, will be limited 
to not more than about UK) Earth- 
approaching asteroids, larger than 
one km in diameter, of metallic 
composition. 

Whatever mav be our objectives 
for the future, the objects must first 
be found. And this is what the 
Spaccwatch Camera is expected to 
do (sec box on p. 24). 

Cometary cores 

The other Earth-approachers are 
comets. 

Our understanding of a cornel de¬ 
pends upon our understanding of its 
nucleus. We have not yet succeeded 
in observing a bare cometary nuc¬ 
leus, since wc cannot be certain that 
there was no dust cloud around it. 
However, there is a good theoretical 
model of cometary nuclei proposed 
by Fred Whipple around 1950. Com¬ 
ets come from outside the planetary 
system, from a region called the 
“Oort cloud’*, named after Astro¬ 
nomer Jan Oort. Cornels, like the 
asteroids, were formed by the adhe¬ 
sion of interstellar dust grains. But 
comets were formed far away from 
the Sun* away from the source of 
heat. This meant it had water ice and 
other ices crystalPising out in between 
the dust grains. 


is another difference. V/hite . 
an asteroidal rock can be as large as 
1,000 km, the nuclei of the comets 
are smaller. The largest one is 
perhaps a hundred kilometres in 
diameter. This may be because the 
material density was low in the outer 
parts of the primordial solar nebula 
where comets formed. 

When a comet comes close to the 
Sun. the lighter materials evaporate, 
in forceful jets that take away some 
of the dust particles with them. When 
the Earth crosses a comet’s tail, the 
dust particles in the tail entering the 
Earth’s atmosphere appear to us as 
falling stars. They are the welN 
known meteor showers. These dust 
particles are about 30 micrometres 
across. Due to the friction of the 
atmosphere they heat up and burn* 
out without landing on the Earth. 
This dust has been collected by high¬ 
flying aircraft and balloons, and in¬ 
teresting analyses have been made of 
the cosmic material that played a , 
significant role in the formation of 
the solar.system. We now know from 
Pioneers 10 and 11 that the inter¬ 
planetary particles consist mostly of 
cometary grains rather than asteroid 
debris. 

Sometimes we can telescopically 
observe the disintegration of a com¬ 
etary nucleus. Comet Encke is an 
interesting example. It is an old 
comet that has lost its volatile mate¬ 
rial to such an extent that in less than 
100 years from now all its ices and 
interior gases will have probably 
escaped. Fhe dead rocky nuclei of . 
comets however keep orbiting 
around the Sun and continue to 
approach the Earth occasionally. Un¬ 
like an asteroid which is made by 
vacuum welding, and sometimes by 
melting and differentiation processes, 
such a nucleus will be of a lighter 
structure because the gas jets have 
gouged through the mass and left it 
porous. 

We try to distinguish the dead 
comets from the normal asteroids by 
using spcctrophotometric and polari- 
metric techniques. So far there has 
been no definitive distinction, but at 
least three Earth-approachers, 
Icarus bein^ one ot them, appear to 
have exceptional colours at the large 
phase angle, the angle between the I 
imaginary lines drawn from the aster¬ 
oid’s centre to the Sun and to the 
observer on F^arlh. This is an active 







in txample of a collision that was nearly 
Ipliaetrous in breaking up the original 
|lHbdy--Mar8‘ satellite Photos, if the impact 
m mass had been appreciably larger, or 
pNi differential velocity higher, Phoboa 
^Ipmld have been broken into pieces. As it is, 
«!• surface now shows cracks stemming 
the large crater named Stickney 

Ikld of study in planetary sciences at 
;|9|i6 time, we would like to under- 


;pa6 time, we would like to under¬ 
hand better the fate of the short 
comets in drder to understand 
formation mechanisms in various 
^^^rts of the solar system. It will also 
wlp us to study the structure and 
h^mp^sition of these most primitive 
i^fjccts for clues to the original intcr- 
|i{itellar material that formed the solar 
iiystem. 


ihi* Tunguska avant 

The nucleus of a comet, or parts 
l^i^ereof, can come too close to the 
^parth and be captured. In 1908, a 
(Mece of comet Encke came into the 
l^l^th’s atmosphere. It did not pene- 
itrate down to the surface, pronably 
^.because of its loose structure and 
l^norosity. It did not, therefore, make 
p crater. But it caused a terrifying 
pjexplosion kilometres high in the 
;^<|itmosphere. The energy of the ex- 
'^^losion has been estimated at 10^ 
:hnnes of tnt. 

The event occurred near Tun- 
^^tska river in Siberia where even 
^^w the forest lies ilattencd over 
^veral kilometres. Of the porous 
leometary nucleus, one could find 
^ry little ^else than small classy 
rjbeads. On the other hand, when a 
.ilKteorite or an asteroid enters the 
,'jEarth’s atmosphere, its body seems 
■iptronger and more compact. It pene- 

E the atmosphere dhd reaches 
rface of the Earth. 

on tlw Moon 

p' A meteor impact on the Moon may. 
[^tually have neen witnessed from 


vase kas reoonM ^ evimt (J. % 
Hartung, Lunar Sdeact 7 348>.tht»: 

“In this year, on the Sunday before 
the Feast of St. John the Baptist (18 
June 1178) after sunset when the 
Moon had first become visible a 
marvellous phenomenon was witnes¬ 
sed by some five or more men who 
were sitting there facing the Moon. 
Now there was a bright new Moon, 
and as usual in that phase its horns 
were tilted toward the east; and 
suddenly the upper horn split in two. 
From the midpoint of this division a 
flaming torch sprang up. spewing 
out, over a considerable distance, 
Are, hot coals, and sparks. Mean¬ 
while the body of the Moon which 
was below writhed, as it were, in 


Thu phmtomehon was repdet^ a' 
dozen times or' more, the flame 
assuming various twisting shapes at 
random and then returning to nor¬ 
mal. Ihen after these transforma¬ 
tions the Moon from horn to horn, 
that is along its whole length, took on 
a blackish appearance. The present 
writer was given this report by men 
who saw it with their own eyes, and 
are prepared to stake their honour on 
an oath that they have made no 
addition or falsification in the above 
narrative." 

This observation by the Canter¬ 
bury monks may be due to an impact 
event, though the last part of the 
description sounds more like that of a 
volcano or of a turbulence in the 


anxiety, and, to put it in the words of Earth’s atmosphere. In any case, 
those who reported it to me and saw Hartung identifies a crater, called 
it. with their own eyes, the Moon Giordano Bruno, in the proper 
throbbed like a wounded snake. Af- place. 


Asteroids 


Johannes Kepler was the first sky 
watcher who pointed out in 1596 in his 
Mysterium Cosmographicum that a 
planet was missing between the orbits of 
Mars and Jupiter. The idea found an 
echo 170 years later in the Titius-Bode 
law which formulated an expression for 
deriving the planetary distances from the 
Sun. Fifteen more years passed. William 
Herschel announced the discovery of a 
planet called Uranus which lay at a 
distance from the Sun that almost fitted 
the distance conjectured by the Titius- 
Bode law. And a serious hunt began for 
the missing planet. 

The credit tor discovering the 
planet'* goes to an Italian astronomer 
Guiseppe Piazzi, at Palermo, Sicily. On 
New Year's day in 1801, he observed a 
star-like object through a telescope. But 
on the following nights, he found that the 
object had moved with respect to the 
stars. This led him to speculate that he 
had discovered a comet. He could sec 
this object for 41 days, after which it 
moved too close to the Sun and was lost 
in the glare. When informed of this dis¬ 
covery, the other astronomers checked 

their star-charts and found that this was 
indeed the missing planet they were 
looking for. Piazzi named this object 
Ceres after the patron goddess of Sidly. 

Some time Later, using the obser-- 
vational data, a brilliant young 
mathemajician, Karl Friedrich Gauss, 
calculated the orbit of Ceres and pre¬ 
dicted where it could be found again. 
And true enough, Ceres was sighted 
again on 7 December 1801. Within the 
next six years, three other "star-like" 
objects were discovered lying between 
2.3 and 2.8 AU from the Sun, between 
the orbits of Mars and Jupiter. 


Because they were much fainter than 
either Mars or Jupiter, all these objects 
were called minor planets. Being 
very small, they looked star-like even 
through the largest telescope and came 
to be called asteroids (from the Greek 
Asteroides). A few astronomers have 
been able to observe the large ones 
among them as extended objects. 

By 1880 nearly 300 asteroids had 
been discovered. With the introduction 
of the photographic method of detection 
by Max Wolf of Heidelberg in 1891, a 
new era was ushered in and very soon 
hundreds of fainter asteroids were 
discovered. 

While a comet is named after its dis¬ 
coverer and a meteorite is named after 
the place where it was found, an asteroid 
is given a permanent numbci after its 
discovery is confirmed. Followed by the 
number, it is given a name which may be 
chosen by its discoverer. I'he original 
plan was to name the asteroids after 
female mythological characters. For 
example, the first four, which are also 
the biggest ones, are named 1 Ceres, 2 
Pallas, 3 Juno and 4 Vesta. But as the 
numbers burgeoned, this system was 
thrown out of gear. Now the discoverers 
have started naming them after their 
spouses, lovers, friends, pels, etc. 

Though about 93 per cent of the 
asteroids lie in what is called the main 
belt between 2.2 and 3.2 au (between 
the orbits of Mars and Jupiter), and have 
elliptical orbits of low eccentricities, 
there are others which have highly ellip¬ 
tical orbits. 

The highly eccentric orbit of Hidalgo 
stretches from the inner edge of the main 
belt to a distance beyond Saturn. Chiron 
discovered by Charles Kowal in 1977 is 
the only object whose perihelion is a lit¬ 
tle inside the Saturn's orbit and aphelion 
close to the orbit of Uranus. There is a 
group of asteroits called Trojans (Hek- 
tor is one of them) which shares the orbit 








The largest asteroids that cross the 
Earth’s orbit are about 10 km in 
diameter. The chance of such an 
asteroid hitting the Earth is esti¬ 
mated at once m 10^ years. This time 
scale is similar to that of geological 
periods named after sudden changes 
in the Earth’s fauna, namely the 
Paleozoic-Mesozoic and the Cre¬ 
taceous-Tertiary Extinctions. The 
latter has recently been interpreted 
by Luis Alvarez and colleagues as 
being due to the impact of an aster¬ 
oid of about 8 km in diameter (SCI¬ 
ENCE Today, July 1980, p. 27). 

The impact which occurred 65 mil¬ 
lion years ago resulted in a thick dust 
cloud surrounding the whole Earth. 
Dust clouds have enveloped the 
Earth following the Krakatoa and 
other volcanic eruptions, but this 
particular cloud was so thick and 



‘1 Astronomical Unit is the mean distance of the Earth from the Sun. 

For the elliptical orbit, the distance closest to the Sun (perihelion) and the largest one 
(aphelion), the eccentricity, and the inclination of the orbital plane to the plane of the 
ecliptic are given, as well as the diameter of the asteroid. From colours and reflectivity it is ^ 
possible to obtain some indication of the composition the types are indicated with the 
letters Sforsilicaceous, C carbonaceous, M metallic, 0 dar k and red. and U for uncla*'bified 


of Jupiter, some preceding it, the others 
following it. 

Sometimes asteroids occult stars. 
Occultations of stars by Herculina and 
Melpomene in 1978 had hlackoui pat¬ 
terns which suggested the presence of a 
companion. 

Nature of aaterolde 

A lot of physical information about 
asteroids can be inferred tioni analyses 
ol^spectra of rctlecied sunlighi and ladi- 
ation emitted iioni (he asteroidal sur¬ 
face. Ihe magnitude of an asteroid 
observed for an extended period can be 
plotted as a iunetion oi time. Such a plot 
is called the lighi-enrve of the asteroid. 
Analyses of amplitudes (peak-to-peak 
values) i)l such eiiiNCs suggest that 
asteroids arc nrevul.iiU shaped I he 


spin rates of asteroids can be deduced 
from the light-curve period. Though the 
average rate of rotation of asteroids is 
about 8 hours, the shortest period found 
IS about two and a halt hours and the 
large.st period, 85 hours. 

7b know the size of asteroids is of 
prime importance for an understanding 
of their reflectivity and thereby their sur¬ 
face composition. Indirect methods, 
such as radiomctiy and photometry, are 
yielding thtf first results. The three of the 
largest asteroids, Ceres, Pallas and Vesta 
arc, respeaively, about 1025, 593 and 
555 km across. 

The mass is determined from the close 
encounter an asteroid may have with 
another, but such opportunities arc rare. 
I’lie total mass of the main bell aslenuds 
appears to be about 0.0(K)5 times the mas*. 


ot the Sun, or two-and-a-half times the 
mass of Ceres, the largest of them. 

Asteioids villose speetia have been 
studied can be divided into three broad 
groups: (1) the ven km rilleetiMly group 
with almost flat spectra, termed as \ 
C-type, (2) the moderate reflectivity ^ 
group with curving, reddish sloping 
spectra, termed as S-t> pc, and (3) a very 
small M-lype, having moderate reflec-’ 
tivities anti stiaight, shglitly reddish^ 
spectra. 

When matched against the spectra of 
terrestrial rocks and meieoi iies. astcroi- 
dal spectra can be interpreted as C-type, 
perhaps corresponding to carbonaceous ■ 
chondrites; S-type, perhaps slony-irons; 
and the the metal enriched M-types. The ] 
inner belt asteroids tend to be S-type, * 

Asteroids dt> not li\e calm and serene v 
li\es I Ik‘\ are hombaitied continuously 
In cosmic ray particles, stdar wind psir- 
t K'les and mierv>-mctetintes. These leave " 
tiaces of damage in the form of particle 
tracks, gas implantation and micro- 
craters. In addition, major craters are 
lormetl due to colli.sions with other 
asteroids. Some ot these craters are deep 
enough to li.uiurt asicioids and still 
larger impact craters may even break 
I hem apart. Some of the Iragmenls might 
even become satellites of the parent 
body. 

7 he unrelenting lorec of gravity g<>v- 
ernsthe oibiisol asleriuds, but collisions- 
and nuituai peiturbations, and gravi-' > 
tational perturbulions due to a planet, 
can change the orbit of an asteroid so 
that it may cross the orbit ot a planet. In 
the process such an asteroid may become 
a planet approachcr, or may even fall ! 
down on a planet as a mclecuiie. 

JYOTI NEVATIA 


Dr. Nevatia is on the editorial staff of 
SCIENCE TODAY 





1: Vesta in 
every way 
but name 




2: Break-up 
by giant 
collision 


Jupiter 


3: Further erosion 
and destruction 




4: Delivery of 
meteorites 
to Earth 


This picture shows two phenomena, namely, how meteorites ot different compositions may 
originated—1. 2 and 3— and how the delivery of meteorites to the Earth may have 
^,^eoine about—4. 

{ 1) Heat generation, by radioactivity or other processes, melted the original planetesimals. 
^/•Heavier materials, given in black, settled gravitationally towards the centre The rocky 
t^fnaterial. left blank m the figure, formed on the outside of the metallic core The lightest 
(/.carbonaceous material, etched in the figure, floated towards the surface. (2) After sol- 
^^^JdJfiCBtion and then a breakup by collision, there are asteroids of various compositions (3) 
TAfter further collision we can recognise individual asteroids, indicated by their numbers in 
' (!lhe Leningrad catalogue, of various compositions: the black ones indicate metallic types, 
blank ones are silicaceous, while asteroid 558 is complex and also has some car- 


five years or more, stopping the 
growth of green gra$se^s and leaves, 
and the atmospheric circulation that 
brings the rains. Dinosaurs and va¬ 
rious other animal species that de¬ 
pended on green fodder died out, so 
did other organisms that depended on 
sunlight. No land vertebrates larger 
than about SO kg seem to have survived 
the Cretaceous-Tertiary Extinction 
although, later, bigger animals such as 
the rhinoceros and the elephant did 
evolve. 

The dust which settled down in a 
l-to-2 cm thick layer can be distinct¬ 
ly recognised and has been studied in 
sediments from Denmark, Italy, 
Spain and New Zealand. The sam¬ 
ples have a mcteoritic composition of 
the noble metals such as iridium. 
Since, during its formative period 
when the' Earth was still partly- 
molten, these heavy elements settled 
down towards the centre, the Earth’s 
mantle is deficient in them as com- 
pared to their abundances in 
meteorites. 

There are still a few large craters 
recognisable on the Earth, especially 
when seen from spacecraft like 
LANDSAT. But none of them seems to 


.>:bonaceous material. (4) The period ratio at this distance from the Sun is 5-2, which means 
that there are exactly five orbital revolutions of the asteroids at this distance from the Sun 
two periods for Jupiter This gives a resonance effect that changes the orbits of the 
,;?bb|ects to such an extent that they may cross the orbits of planets Mars. Earth, or even 
. 'Venus (Figure made by C. R. Chapman for p. 52 of the book. Asteroids) 
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belong to the appropriate age to be 
identified as the cniier responsible 
for the Cretaceous-Tertiary 
Extinction. However, Whipple (per¬ 
sonal communication 1980) points 
out that even the oldest rocks of 
Iceland are of early Tertiary age. In 
other words, Iceland did not exist in 
the Cretaceous pciii>d. II an asteroid 
hit the place where Iceland is, it 
found a thin crust, only a few 
kilometres deep. This is a location 
near the oceanic ridge caused by 
plate tectonics where at that time the 
European and North American con¬ 
tinents began to drift apart. 

'Hie 8-kin asteroid can be esti¬ 
mated to have made a crater of about 
200 km in diameter, a si/e compara¬ 
ble to that of Iceland. It also must 
have penetrated several, kilometres 
and made an opening right into the 
more liquid part of the Earth's in¬ 
terior, thcreoY creating the large 
Icelandic volcanoes. There is some 
support for this idea, in that the 
iridium anomaly in the Cretaceous- 
Tertiary clay layer is stronger in 
Denmark, which is closer to Iceland, 
than at other places. But further 
studies are needed to confirm the 
uniaue position of Iceland, in geolo¬ 
gical time and place, with respect to 
the Cretaceous-Tertiary Extinction. 

What is the chance of such an 


'|;>The abundances of iridium, osmium, gold, platinum, cobalt, nickel, palladium, ruthenium 
'; and rhenium are given with respect to those of a carbonaceous chondrite meteorite. The 
^ average, other than the results for rhenium, gives about 7 per cent relative to the meteorite. If 
'I i^na takes the mean thickness of the clay layer all over the Earth at 1.5 cm, 7 per cent being due 
" |0 the asteroid, assuming that the density of the asteroid is about the same as that of the 
\,%arth'8 mantle, than the diameter of the asteroid is deduced to be nearly 10 km 


event occurring again anywhere on 
the Earth? No accurate estimates are 
possible until the Spacewatch 
Chimera has become functional. This 
camera will actually observe and 


















An interplanetary dust particle collected 
and photographed by Don Brownlee. The 
scale bar indicates one pm 


obtain the best possible statistics of 
the near-Earth objects. The impact 
rates obtained bv it can then be 
compared with tnose estimated in 
classical papers by Ernst Opik and 
others. Aner this, it will be possible, 
much more precisely than before, to 
date the relative order of the impact 
events on the Earth and, with the 
help of crater counting on various 
parts of the Moon, to study the 
various ages of these impact regions. 

Information on asteroidal impacts 
have a profound implication for our 
own origins too. What if the dino¬ 
saurs and other large animals had not 
been wiped out? Is it not conceivable 
that in further evolution one of their 
types might have won out in the 
evolutional race of the survival of 
the fittest? The new forms might then 
have become the predominant spe¬ 
cies, eliminating our own primate 
forefathers. In due time they would 
have evolved additional brains and 
eventually they would have become 
the dominant “people” of the Earth. 
This line of reasoning helps us'to 
visualise that on other planets, else¬ 
where in the universe, the intelligent 
beings will probably look very diffe¬ 
rent from what we do. So much 
chance and circumstance appears to 
be involved in these eviilutions! The 
planets of other stars also un¬ 
doubtedly have been, and are being, 
bombarred by the planetesimal debris 
left over after the formation of their 
system of stars and planets. 


Artist's concept of an Earth-approaching asteroid 


Collision can be averted 

In any case, we should be, and can 
easily be, more intelligent than the 
dinosaurs were: we can take precau¬ 


tions aeidnst our own extinction by 
asteroid impact. In fact, our demise 
by nuclear warfare and its fall-out 
may be more difficult to avoid than 
the impact of another large asteroid. 

The Spacewatch Camera should be 
in operation by 1985. By 1995, it will 
have catalogued the large asteroids 
that can be Earth impactors. When a 
newly computed orbit indicates that a 
collision with the Earth is probable, 
it seems feasible to modify its orbit 
and avoid the impact. Even a small 
angular change in the orbit of the 
asteroid can bring about a large 
separation after a long interval of 
time so as to avoid any collision. For 
instance, those finely-targeted 
spacecraft, after a flyby of Jupiter, 
needed only weak jets of the hydra¬ 
zine gas just for a few minutes to veer 
it away to one side of Saturn or the 
other. The propulsion provides a 
small angular change, which then 
operates over several months or 
years. A change of only a fraction of 
a metre per second in the velocity of 
the asteroid can steer it away from a 
head-on collision, provided the 
change is made years before the 
expected collision. Such a change can 
be accomplished with an explosion 
on the surface of the asteroid. It has 
been estimated that W tonnes of tnt 
are enough to deflect a one-km aster¬ 
oid, even shortly before an expected 
collision with the Earth. By w5, it 
will be possible for the Space Shuttle 
programme to deliver a forceful de- 


Tabie 2: Approximate statistics for Earth-approaching objects 


vice onto the surface of an Eaithl 
approaching asteroid. j 

We should not pet alarmed ther^ 
fore over the possibilities of a majm 
asteroidal impact causing globtf 
harm. A classical exampfe of an 
unnecessary panic occurred in Im 
year 1773 in France when a paper^ 
de la Lande was misunderstood m 
predict the impact of a comet on 
or 21 May of lhat year. My lecture]^ 
New Delhi on 5 August 1980 too wag 
misreported in the newspapers 
India. Asteroid 1620 Geographos,;il 
was reported to have said, was to n 
the Earth in 1994. The year was so^B 
updated to 1982 by another ea|d 
reporter. My denial was harder togaS 
published. 

There is no asteroid predicted til 
collide with the Earth in the forese^ 
able future. M 
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Born in the Netherlands 
and now a US citizen.56- 
year old Tom Qehrels is 
Professor at the Lunar 
and Planetary Laborat¬ 
ory. University of 
Arizona, USA. He served 
as consultant to the 
National Aeronautics . 
and Space Administration for astronaul 
training for the Grand Tours and for co^ 
and asteroid missions. He was the principi 
investigator on the Pioneer 10 and 11 mil 
aions and received the NASA medal for e 
ceptional scientific achievement in 1974. f 
established the lAU (International Astroni 
mical Union) photometric systems for tf 
asteroids. He has edited several books. fl 
eluding Protostars and Planets. Asterok 
Jupiter: now he is preparing a book i 
Saturn. J 
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v^hese drifting creatures are the backbone of the fishing industry 
M. S. Bhattacharya 


I N the home of the sharks, octo¬ 
puses, scasnakcs, dolphins, giant 
squids, mighty whales and a whole 
;k)t of exotic animals also live the not 
/SO impressive but extremely impor¬ 
tant plankton. Most plankton are 
;fe«e floating organisms which go 
where the current takes them. The 
coined by German biologist 
Vtctor ilensen in 1887 came from the 
;Ofeck plankton, which means “made 
to wander''. But now it turns out that 
they are no mere flotsams; many 
^ animals belonging to this group can 
J ^Im quite effectively and travel hun- 
• dreds of metres everyday. Found in 
) three forms, animal plankton arc 
Icailed the zooplankton; plant plank- 
I'ton, the phytoplankton: and the bac- 
? leria plankton, the bacterioplankton. 

] Zooplankton is, in fact, a collective 
I term that may include any animal 
^belonging to any group which can 
I float or swim feebly. 
f A study of the zooplankton is 
i'important because they provide the 
' essential back up that sustains the 
J’grid's fisheries. Many pelagic fishes 
(•And those at the early stages of 
’ijlcvelopmcnl from several species, 
/Including the bottom-dwelling de- 
ilterscl tishcs, feed on the zooplank- 
Ijiton. The eggs and the larvae of 
|>t^ost all the fishes arc planktonic. 
I^d some of the large-sized zoo- 
'i^lankton such as krills themselves 
iform a fishery. 

11 'Fortunately, the world’s oceans 
!>abound in these planktonic organ- 
' sterns. If each cubic metre of sea w ater 
:|!(GOuld contain up to 4,(K)0 animals in 
\Sthc size range of 0.25 mm to fi mm. 
0 the seas t()gethcr can accommo¬ 
date 4,I73,28I,(K)0 X 4,()()() animals. 
:This can, of course, never happen 
dnee major portions of the world s 
:cans are “biological deserts", 
oreover, a vast number of phyto- 
jplianklon and other animals also 
jpccupy the seas. But despite this, the 
^lal quantity of zooplankton pro- 
titiced in the ocean is enormous. 


Arrow worm 



Although the great world of plank¬ 
ton was discovered no more than a 
century ago, one of the earliest refer¬ 
ences to planktonic organisms was 
made by Pytheas in the fourth cen¬ 
tury BC. Tne whalers knew them as 
indicators of a good whale catch, just 
as the fishermen knew that the phe¬ 
nomena of “red water", or “red 
tide", and “sliming" suggested ham¬ 
pered fishing. But because most 
plankton are very small—in many 
cases they are indeed microscopic— 
and it is not possible to catch them 
with ordinary nets, not much could 
be known about them. The break¬ 
through came in 1665 with Robert 
Hooke inventing a compound micro¬ 
scope. For, soon after, in 1667 the 
famous Dutch microscopist A. Von 
Leuwenhock noticed these minute 
organisms in samples of sea and lake 
water. 

S/to,of oporture of mosh of pfonkton not 
pmporoKt from sktndarO boMng $llk 
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PJanHtoii can also ba eiasslfied According to 
mash Aiz# of the n«t they can bo caught 
with.1 inchs2,5cm. 


A standard plankton net 


Small jelly fish 




Noctiluco 


Tilings bejpn to move 
that. In 1828, an amateur naturalist 
and army surgeon J. Vaugham 
Thomson designed a very simple 
device he called the tow-net. Made 
up of a small conical bag of fine silk 
or muslin cloth or of nylon (now), it 
had a little jar at its end to hold the 
plankton. With this, Thomson did 
manage to trap some plankton. Us¬ 
ing this net, the German biologist 
Johannes Muller was the first to 
study these organisms in 1844. His 
findings opened a new era and a vast 
field of research, so much so that it 
became the starting point of a new 
subject called planktology. 

Its importance, however, was still 
not realised fully and the progress 
remained slow. Later, as the signifi¬ 
cance of plankton in marine life came 
to be better understood, many scien¬ 
tists plunged into the new discipline. 
There were a whole host of questions 
to he answered: Where and up to 
what depth arc these organisms 
found? How many of them occur in a 
given region of the sea? What factors 
control their production? Which 
animals feed on them? What role do 
they play in the marine cco.system, 
specially in the transfer of energv? 
To some, the answers came easily 
though somewhat slowly. To others, 
there are yet no answers. 

For convenience, planktologists di¬ 
vide the zooplankton into three sepa¬ 
rate groups depending on their size 
or morphology, the duration of their 
lifecycle in the deep ocean, and their 
habitat or ecology. 

As regards size, different planklo- 
logists have used different para¬ 
meters. some even the size of the 
mesh of the net used to collect them 
('Fable 1). But, recently, attempts 
have been made to be more specific. 
Thus, (1) mcgaplankton are animals 
measuring more than 2,000 microns 
(2 mm)—this group includes comb- 
jcllies, jelly-fishes, krills, etc; (2) 
microplankton range from 20<) to 
2,(XM) microns and consist of cope- 
pods, ptcropods, etc; (3) microplank¬ 
ton measure hclwccn 20 and 2(X) 
microns—this group consists of fora- 
minifera, rudiolarians, ciliates, etc; 
(4) nanoplunkton range from 2 to 20 
microns and consist of flagellates; 
and (5) ultrananoplankton which are 
very minute organisms below 2 mic¬ 
rons—like bacteria. 
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A generalised diagram of marine food web 
in Indian waters. The food network may be 
simple and chain-like or a complex web-like 
structure. Some animals can be easily clas¬ 
sified as herbivorous or carnivorous. But 

Now, depending on the duration of 
their lifecycles in the surface waters 
(pelagic state), zooplankton arc seen 
to form two groups: meruplankton or 
temporary plankton, and holoplank- 
ton or permanent plankton. The 
mcroplankton are organisms which 
are planktonic during a part of their 
lifecycle, such as eegs and larvae of 
fish, turtle, starfish, corals, clams, 
oysters, sponges, etc. Their occur¬ 
rence depends on the spawning habits 
of the parent animals and, therefore, 
is seasonal. The holoplankton are 
planktonic throughout their life. 

Zooplankton occur both in the 
coastal waters and in the open 
oceans. The neritic (or coastal) zoo- 

E lankton can tolerate low salinity and 
igh temperatures. The copepods— 
crustaceans—such as Acartia and 
Pseudodiiiptemus, the mysids, cer¬ 
tain jellyfishes like Aurelia, and lar¬ 
vae of animals, crustaceans, etc are 
all neritic. Tlie oceanic zooplankton 
occur at some distance from the coast 
and can be found anywhere from 
surface levels to profound depths. 
These organisms cannot tolerate low 
salinity. Oceanic zooplankton can 
also be grouped according to the 
depth zone in which they occur: (1) 
epipelagic: those found between tne 
surface and a depth up to ISO m; (2) 
mesopelagic: those found between 
ISO and 1,000 m; (3) bathypelagic: 
the ones found in the deep seas 
between 1,000 to 4,000 m; and (4) 


many animals are herbivorous at one stage 
of their life and carnivorous at another 
Moreover, each animal has many food 
choices and one organism may be eaten by 
several species of animals 

alyssopelacic: those occurring almost 
at the sea bottom between 4,(KKj and 
6,(KK) m. 

Nutritional requirements of va¬ 
rious organisms have given rise to an 
interesting nexus of relationships 
within the ecosystem that constitutes 
the sea. It has taken the form of so 
many ‘producers' and ‘consumers’ 
connected by various food chains. 
.On the nutritive or trophic level, the 
ecosystem consists of autotrophic 
and hcterotrophic components; 
trophic pertains to nourishment. The 
autotrophic component is self- 
nourishing and is also called the 
producer. It builds complex subst¬ 
ances from simple inorganic subst¬ 
ances using the Sun’s energy. The 


heterotrophic component, which ii 
the consumer, uses the complex pro<- 
duct of the autotrophs and decom-' 
poses them into simple substances. 

What really happens in the seas is' 
that food energy from the producers 
is transferred through a series of ' 
organisms by a repeated process 
eating and being eaten to form a food { 
chain. The various food chains are in' 
turn inter-linked with one another in.;' 
characteristic patterns, called food-^ 
webs (Fig. 1 ). The system comprisestj 
living and non-living components;;! 
the living components interact with' 
the physical environment and pro4 
duce a distinct trophic structure'; 
(feeding level), biotic diversity^ 
(variations of organisms) and mate-;^ 
rial cycles (cycles of organic andi! 
inorganic materials). ' 

A marine community is designated^! 
littoral (intertidal), neritic (in^ore),;^ 
or oceanic (open sea), depending on| 
which section of the ocean it residea| 
in. All the fundamental process^^ 
mentioned above, however, must 
on within each community. Here, tmi 
lutotrophs are the phytoplanktoilyi^ 
though some other particulate orga*l 
nic nutrient materials have also beeu’l 
found recently in the sea whoser| 
source are not the autotrophs (Fig,'| 
2). They come, apparently, from the-l 
surrounding areas. 

The heterotrophs, the consumers; 
are also divided into different cate* 
gories: primary consumers—the 
herbivores which feed on green* 
plants; secondary consumers—the; 
carnivores, feeding on primary con¬ 
sumers; and tertiary consumers—ofj 
different grades, depending on thd* 
size of the animal consumed (Fig 3 
P .?5 ). I hc microconsumers or de-, 
composers are chiefly bacteria and| 
fungi which break down the complex 
substance of dead animals and plants 
to derive energy from them, and, in| 
the process, they release basic plant’] 
nutrients which become available to 
producers for their photosynthetic 
activity. At each transfer of fo^ 
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A simplified diagram of energy cycle (path¬ 
ways of organic compounds) in the sea 
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1^: Energy a large portion of the cner- 
f .gy—about 80 to W per cent—is )«)st 
4 as heat. 

'j4: The dissolved organic matter in the 
; ocean is one of the largest reserves of 
" organic carbon in the world. Accord- 
•f, .tag to recent estimates the amount r)f 
organic carbon fixed annually by 
;t phytoplankton through photosynth- 
\esis in the sea is 1.9 to 2.3 x ur 
tonnes. The amount of zooplankton 
that might thrive on the fixed carbon 
,, depends on various factors associated 
with material transfer td the higher 
; trophic level. 

According to D. L. Alverson, the 
, amount of first stage carnivores— 
.'.animals that live on zooplankton— 
may exceed 2.3 x Kf' lonnes per 
' year. In the Arabian sea alone the 
’■ total tertiary level production for the 
two monsoon seasons is estimated lo 
, DC shout 62 million tonnes. T he liguic 
for tertiary production can give us an 
idea ot how much of the secondary 
and primar> consumers, that is the 
■ Zooplankton, must he produced in the 
‘ Arabian sea alone. 

It may he interesting at this txiint to 
consider the estimate of the relative 
mean weights of phytoplankton, 700- 
plankton and the fishes in the tinglish 
channel. Its annual production as 
biomass was found to he 2.9 g pelagic 
fish, 1.9 g dcmcrsel (bottom dwell¬ 
ing) fi.sh, 275 g zooplankton and 750 
to 910 g phytoplankton, where g 
represents grams of hiomass under 
one cubic metre of water. Another 
interesting example of the eiuirnioiis 
amount of zooplankton that js pro¬ 
duced in (he ocean is the Anaiaretic 



'Pollution 

zooplankton 

Since plankton are the backbone of 
marine food&« it important lo know the 
effects of tvffoleum and other hydro¬ 
carbons (compounds of carbon with 
hydmgpn aJbms), heavy metals, 
various chemicals; radioactive waste and 
heat on them and consequently on other 
mganisms. on the higher trophic levels.. 
Plankton have been expos^ to small 
quantities of petroleum hydrocarbons 
released from seeps in the ocean fk^qr^ 
heavy metals and radiation' from -the 
twjginning of the geological tfme. How¬ 
ever. it is likely that more and more of 
these compounds will continue to be 
released into the sea and. therefore, it is of 
interest fo find out what might happen to 
thenr when exposed to the additional 
quanilites of the various pollutants. 

Hydrocarbons arc cimstantly released 
info the sea through varunis processes 
such as accidental oil .spillage due to off¬ 
shore drilling, transport of crude tril, sub¬ 
marine seeps and as metabolic products of 
organisms. Near the coast, iiidustrial oil 
diM:hargcs and sewage may also con¬ 
tribute substantial amounts of hydro¬ 
carbons. Hic totiil oil |H>lliition in ilie 
oceans from various sources has been 
estimated to be about 6 millkm tonnes per 
year. 

Hydrocarbon le\cls vary consideiahly 
with different areas and seasons A com- 
[Xiiatfvcl) high Ic\cl ol criulc (»il 01 liHal 
hydrocarbon is associated with the surtace 
layers as well as from deep waters in the 
areas ol oftsliorc drilling activnies and 
ailing the tanker shipping routes. Crude 
oil as high as 1 40 to I0.9S milligrams per 
litiv has K-en tound4n the Adriatic sea oft 


.. ‘. ' ' 

XMfMn certain hArbbuw, fitw-example 
Gcuetxirg in Sweden, the concentration 
of toi^ri hydrociirhonii h^^is been found tp 
be a^high as SOtoTlOmUligrumspcrfitre, 

Cr\uk oil contaim wvcml hundred hydro¬ 
carbons and its eornposition varies hxim 
place to pkio:. It ubo titmiains some sul-* 
phur and oxygen. How do these hydro¬ 
carbons enter into the btxly of 
plankton and move up to the higher 
trophic level. The hydrocarbons aecumu- 
late mainly in three ways: (1) from phy¬ 
toplankton diel^, (2) from assimilation of 
particulate diets, and (3) b> the direct 
Uptake from »<?« water. Exactly how much 
phytoplankton are contaminated with 
petroleum hydrocarbons is yet to be 
determined. However, it is certain that the 
hydrocarbons produced by the murine 
planktonic organisms are lew compared lo 
tiMwe contained in the cmde oil. ITic fiy- 
dmearKms of cxi 7 gem)iis ^irigin in ik*ni 
must, therefore, be due to oil pollution. 

In experimental studies, certain water* 
]»oUihlc hydrocarbons of fuel oil, such us 
wsFof No. 2 fuel oil, have also been found 
to enter the body ol zooplankton. The 
zcHspIankton arc known to capture sus¬ 
pended partieiiluie matter. It is, tlicreforc. 
possible that they also take up puniculatc 
hvdroeuibons directly liom the sea. 

What happens it> these hydrocarbons in 
the body of zooplankton? Ttiere arc evi¬ 
dences that several types of hydrocarbons 
may be metabolised bv certain marine 
animals including /oophinkton. hut many 
animals canni^l metabolise hydrocarbons; 
some oj the hydrocaibons may pass 
out imchangcil. Zooplankton, such as 
copetHul-s, cuphiiusids, amphipods, /oca 
ot crab and icilytishes, have hc>?n lound to 
meiabolisc Indiotaibons such as napih- 
alcne, ben/o (a) pyicnc. octadccanc and 
2(bmcihykliolainIncnc flic meialH'litcs 





higher; tFtffrttjc level. The hydrodurbons 
are also released by ^Otankton in their 
feces aihd thtif^ reach bonoin^dweUmg 
sedentary enhnab. 

Crude oii in high concentrations is 
lethal to many zooplanktonic forms tike 
copepods >iA^ariia, Ctmra^m) and 
their larvae: It lOso inhibits their feeding 
rates. The^ tespkatory rate increases 
affecting the rate of oxygen consumption 
and this, m turn affects their locon^tipn. 
T^e larvae of: the lobster, //omerai 
ameficanus, when exposed to I mg/I of 
South Louisiana crude oil showed lowered 
feeding activity and power of locomotion, 
and a high rate of mortality. The pet¬ 
roleum hydrocarbons are said to influence 
moulting, sex-ratio and reproduction in 
zooplankton. Certain hydrocarbons 
reduce the rate of viability of eggs. 

It is interesting to note that at very low 
concentrations hydrocarbons enhance 
photosynthesis in phytoplankton. Bui 
thick oil slicks may reduce penetnition of 
light through sea water by more than ^0 
per cent and thus drastically reduce the 
rate of photosynthesis. 

A number of marine animals including 
fish and mammals contain what is called 
mixed function oxygenases (MF(^j which 
help in the metabolism of petroleum hydio- 
carbons While srime hydrivarhons niay 
be removed from the animals h\ 
metabolic changes, others are likclv to 
increase ijie carcinogenic potential of 
these compounds. It has also been seen 
lhai there is a greater incidence of neo¬ 
plasia (growth of tumour) in fish from 
contaminated localities 

Heavy metals are the other polluianis lo 
be monitored. It is difficult to define heavy 
nieials. The metals of atomic numbers 22 


heavy oietah. Aeontdbyi to db- 

finition, metak having ^pbclfe gravity 
greaier than four are kncM as he^ 

ah hcbvy metak are relatively poiaon- 
otis to animals, both microscopical 
maeroscoptc. The nu^at ^cetttreiion:,ni 
the sea is'gradtiaUy fucreaxing due to 
inddstiial efflueim, mining operadonB^ 
bmning of fuek and oth^ tektiQk:, 
Heavy metals also move up to the higirer 
"tipphki levels tfaronghihg^ 
and idtimkiely b^ 

A metal in the sea wat^ may be prerent 
in the particulate form and/or in solution. 
The particulate forms result from either 
the precipitation of' an insoluble com¬ 
pound of the clement such as chromium 
hydroxide or lead carbonate or absorption 
of the nieial ions on to other particulate 
materials such as clay, minerals and 
organic detritus in the water. It is difficult 
to know the chemical nature of the dis¬ 
solved forms and many of thcHc com¬ 
pounds may become more complex by 
combing with the organic matter dissolved 
in sea water. 

Phytoplankton provide a very large 
surface of adsorption and consequently 
play a very important role in metal 
uptake. However, exactly which chemical 
com|X)iinds enter the phytoplankton is not 
known hut it has been suggested that the 
organically bound metals are not taken 
up by the phytoplankton. 

Lxperimcnlally it has been shown that 
the toxic etfect of heavy metah on 
phytoplankton depends on various fac' 
tors such as; (1) the species of phyto¬ 
plankton, (2) cell population. (3) com¬ 
position of sea water, and (4) concentra¬ 
tion of the heavy metal. The metals 
probablv increase the permeability of the 


tbff rate afeeb (fit 

growth rate of ph.yi()|da.nfc^ti. 

Heavy mnak may be'-iSfilier 
adsorbed on to their body shifbiitag' 
i;ilk fnwi waicr pareing 4hrd«|glr 'tl 
^sartK. or (2) fngexted as d^ftal 
and Gonuimifuited lood. The mi , 
any ;poit ot the body 
tbsues and from there they 
ated in four ways: (l> ^ mtmWldg^ 
ing off the ot|teft$lreletGfgi«<2> 
formatm, 
egg production. 

Heavy metals reduce the ineiai 
activities of zooplankton; the retb 
oxygen consuinptiim is also TCy 
However, this will again vary with sali 
and lemperjiturc condiiioiwi. The. me< 
also reduce the rate of feeding, gr' 
and developnteni. The hatching .of 
and subsequent planktcmicstagcsore 
aficeted. The cgg-prcHluctioii Kself 
be reduced and practically stop at * 
concentration of metals. The mi^tab 
affect the phototactic responses and. 
sequcntly the vertical migration/ 
phenomenon is very important xhKra^ 
enables the zooplankton to findibtil l 
able habitats, avoid predators onfA 
food. 

Almost every major group' of 
plankton journeys daily from dii|i 
waters to the surface at the upproticb 
dusk and icturns to deeper waters, 
dawn. This is known as vertical 
or diurnal migration. 

The swimming rates too drop dtur 
metals toxicity. The number of indivii' 
species and grviups of zooplankton 
matcly decreasev. . 

Insecticides, herbicides, fungicides. 
Cldcs, hchninthietdes, lodentickfes, 
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krill (Fuphuusin Kuperta). According 
lo one estimate the standing stock of 
Antarctic krill is from 800 to 5,000 
million tonnes. And, predictions of 
annual yield vary from about 1(K) 
million tonnes lo 2(K) million tonnes. 

The marine scientists place the 
zooplankton under three main heads: 
(I) fish-related, (2) lishing-rclated, 
and (3) exploitable plankton, on the 
basis of their relationship with diffe¬ 
rent fishes and fisheries. The fish- 
related plankton may be beneficial or 
injurious to fish. I'hcsc may form 
direct food for the fish, or an indirect 
food in the scn.se that some other , 
animals may feed on the zooplankton ■ 
which in turn are eaten by the fish. 
Ihc relationship between the num¬ 
ber of krills in an area and the whale 
catch and that between the calanoid 
copepods and herring catch are ex¬ 
amples of direct food plankton. Thus 
an analysis of the plankton sample 
can provide a clear indication of the 
piospeclive total fish catch. 
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etc are carried to the sea through ment and other physiological processes of It has been observed that different dose 
industrial effluent, water runoff marine zooplankton. Oxygen solubility rates affect the phytoplankton, zooplank- 
>; from agricultural land and as dust from falls with the increase in temperature. ton and other organisms in the food chain 
the atmospheie. The main hazardous Thermal pollution generally occurs due differently due to various factors such as 
effect o1 pesticides, especially of chloriiw to discharge of warm cooling water from body size, physk)k>gol state and age. In 
i iited hydrocarbons, is the ability of their thermal and nuclear power plants. This is the sea, the interaction of environmental 
residues to get concentrated in marine because even in most efficient nuclear factors such as temperature, salinity. 


J';^rganisms'. the increase in the concentra- 
tfon of residues is higher at higherh^phic 
^'ievcls. Therefore, even if the pettticides 
f are released into the sea in very low 
^/concentrations they build up and are 
g,:4,^kely to be found in large quantities in 
iron^umers such as fish attd cvep* 
Teach man.' 

hydrocarbon ^alicideK 
the .metah^liftm of the organhtens 
tn'•veryiow'con-, 
''(si; parts per bdlibh) 
t)f photosynthesis fri pifytin^^ 
has also been fouiid to 
of the tufVac of 

'and/;. 

aWfiiB wca 

lebiperaturef'^ 

PPife>^rmtri sbn^k^'mtiy :. 

^PPij^egt'''filters, ^he effect' is'‘^thOrei.' 
Wap^heht. .^xperlfftents carried but by 
bn different i^oopbnkt^ off 
waters have shown that these 
c^not survive ai temperapeV 
than 35^ or 36^ C. Ilierefore, 
w^tninnier any increase , tn temperature 
'Wg^ to 4* C above the nmal is leduil to 

aHo. known that increase in the 
^^pi^lmture of sea water affects respira- 
heart beat, reproduction, develop- 


power plants only about 40 per cent of 
the heat produced by the reactor is 
actually used for generating current. The 
remaining heat mostly ends up in the 
cooling water. Sometimes, the tempera¬ 
ture may rise by 14" C.' or more* 

The radioactive pollutants affect the 
organisms Chiefly by ionisation from 
radiations dmitied by radioactive mate¬ 
rials oh Earth; (Thb Earth also receives 
radiations from t^ace.) The amounts of 
fhdioactiye waters discharged into the sea 
' hfcely tq increase with more atomic 
Ipw stations, nuclear reacjtora/ituclear 
Sxpkisi ons arid medical and o^er uses of 
nudeai energy, 

; of elements 

: that emit ionising radiMions) reaeWng the 
sea may remain in solution or in suspenr 
'SioA, or precipitate at the bottom. The: 
fpioimt^des quite often disperse andgeit 
: to currents .W tCu^ 

Inhins : t>r*may get accumulated; If Jbe,, 
.input exceeds the rate of hatural 
tadioadtive decay, they mhy also be taken 
up by fharine plants and anirhaK and get 
coik^ntrated in living organisms. This is 
known as bioaccumulation. 

The phytoplankton Concentrate 
radionuclides by absorption and surface 
adsorption. Millions of rapidly dividing 
phytoplankton cells cap accumulate a 
large quantity of radionuclides from sea 
water in a very short time. 

So far more than 60 radionudidea have 
becMi identified within the marine system. 


dissolved oxygen, chemical composition, 
and geochemical cycles, are also responsi¬ 
ble for further complication of the effect 
of different doses on the organisms. The 
amount of radionuclides that enter food 
chains and ultimately reaches man, there¬ 
fore, does not depend entirely on the 
amount of radionuclides discharged. 

Experiments show that very low levels 
of chronic radiation do not affect the 
growth of phytoplankton. But, large 
doses of it are lethal to both phytoplank¬ 
ton and zooplankton. Experiments on the 
lethal values of different radionuclides on 
marine organisms have been few, but the 
level of radiation required to kill marine 
organisms is very high. In fact, ex- 
petimental data indicate that LD 5(V3(), 
the lethal does in which 50 per cent of the 
animals die in 30 days, ranges from 2,000R 
to ll,000Rfor invertebrates and 1,050 R 
to 5,550 R for marine fishes. Since 
mos^ of the marine zooplankton, like all 
the primitive life forms, arc more resis¬ 
tant to radiation than the higher form.H in 
the food chain in the .sea (the eggs and 
larv'ae arc also equally resistant to radia¬ 
tion), radioactive pollution may not kill 
but produce various abnormalities in the 
young and adult stages of the higher 
forms. It is difficult to accurately predict 
the effects of radioactive pollution on 
phytoplankton, zooplankton and animals 
of higher trophic level. 

S. S. B. 


The iniurioiis plankton may be 
spawn predatory, that is, feeding on 
the eggs or larvae of fishes, rhey may 
also feed on the other srnallcr 
varieties of zooplankton, and thus 
consume large amounts of food 
which couki otherwise be the food 
for fish larvae. The presence of 
Injurious plankton such as eomb- 
jellics. jellylislics or even small pro¬ 
tozoa like Noctilucii. indicates a de¬ 
crease in fish catch. 

The fishing-related plankton arc 
‘ those w'hich either help oi obstruct 
} fish catching—they are cither the 
j fish-indicator-planklon or the fisher- 
1, man-disabling-plankton. The fish- 
ly. indicator-plankton, as the name 
j!, suggests, indicate the presence t)f a 
fish in an area, although ihev may not 
have any food relationship with the 
i fish. Then there are the adversc- 
l indicator-plunk ton whose presence 
; could indicate absence of the fish. The 


presence ol Noriilucu always coin¬ 
cides with a poor catch of mackcral. 

1'he lisherman-disabling-plankton 
obstruct fishing in different ways. 
The presence of certain zooplankton 
in large numbers makes it difficult to 
operate the nets. The swarms of 
jelly fishes or salps may dam¬ 
age the net duo to their enormous 
weight. C ertam zooplankton like jel¬ 
lyfish, when they arc near the bottom 
or in deep waters in large numbers, 
may deceive the echo-sounder of the 
fishing craft and result in hauling up 
the useless plankton instead of the 
fish. I’here are certain other zoo¬ 
plankton such as Physalia (Portu- 
guesc-man-of-war) and the jellyfish 
which are injurious to man; some of 
the lellyfishes like the box-jelly 
{Onronex) can kill a man in less than 
a minute (SciLNCL TODAY, June 
1977). The catch-plundering- 
plankton arc those which eat up or 


damage the fish before the catch is 
hauled up. Sonic of these zooplank¬ 
ton even eat up the baits. 

Exploitable plankton are those 
which may be used in different ways. 
These can be divided into immediate- 
ly-exploitable-plankton or exploit- 
able-in-futurc-plankton. The im- 
mediaielv-cxploita ble-plankton 
again may he ot different types. The 
small planktonic fish like Pomaccn- 
irids (Daya jerdoni) is used as bait 
for the tuna fish. The other type is 
the farm-use-plankton which may be 
cultured in inshore waters as food for 
fish, as organic manure for farm 
lands, or in animal husbandry. 
Another important group under this 
category is the human-consumplion- 
plankton. 

Marine biologists are now trying 
to find out whether harvesting the 
zooplankton from the sea and using 
them directly as human food is more 


Pontosphsera Gymnodiniuw Tetraselnus Cryptochrysis 


Radiolarian Foraminifera 


Pulvinulina 





Fig. 3 


Primary Primary Secondary Tertiary 

producers consumers consumers consumers 


Other 

sources 



economical than allowing them to be 
eaten by tish or other animals and 
catching those larger organisms. A 
good example ot direct iood plank¬ 
ton is euphausides. commonly known 
as the krill ( ). The Antarctic 

krill (Lupluiusi;i siipcrtu) is found in 
the upper layers of the 4)ceans be¬ 
tween the latitudes .Sir and bir S. and 
the" Antarctica. T he animals grow U) 
a maximum si/e ol about 70 mm and 
the swarms may attain a density of 10 
to 16 kg per cubic metre. About 100 
million tonne of Antarctic krill can be 
caught each year. Tile annual pro¬ 
duction has reached up to 10,000 
tonne per year in Japan. Krill fishery 
is also popular in the USSR, Norway 
and the UK. 

Krill is pioccssed in various ways 
lor direct human cotisumption or pul 
to other uses. In Japan, they Jirc 
either Iro/en in the raw state, or 
dried after boiling. In Russia, a 
shrimp paste known as ocean paste is 
produced In scjuee/ing shiimp under 
pressure and coagulating the protein 
present in the filtrate by heal. The 
paste is mixed with butter, chccsc 
and other products. It contains about 
1.^ to 20 per cent protein and is lich in 
essential amino acids. Ih Maharash¬ 
tra, the mysids, commonly known as 
Jawla, are used as food. 

The zooplankton consisting of fish 
eggs and larvae arc the cxploitable- 
in-future plankton. The eggs and 
larvae arc ultimately transformed 
into pelagic or demersal fishes. Some 
of them may migrate away to diffe¬ 
rent localities. In the early stages, 
fishes are susceptible to large-scale 
mortality due to the presence of 
certain /ooplanklon and physical and 
chemical lactors of the ciiviionmcnt. 


In the early years ol planklology, 
the limited knowledge permitted 
only qualitative and quantitative stu¬ 
dies of the organisms. The plankton 
were collected for mere indenlifica- 
tion and classification. Soon it was 
realised that zooplankton form very 
important links in the f(x>d chains in 
the sea or any aquatic medium and 
that their number and species com¬ 
position vary with the seasons and to 
changes in the physical, chemical and 
other environmental factors. It is not 
always possible to study these organ¬ 
isms in the field. T he present trend of 
research is, therefore, to keep them 
alive in the laboratory and culture 
them in order to study their be¬ 
haviour under controlled conditions 
and then correlate the results with 
the observations. 

C an wc raise the fish yields? With 
the advancement ol fishing technolo¬ 
gy, the annual production of marine 
animals may increase to some e.xtent, 
but there is alw'ays an upper limit. 
Hunting and catching methods lor 
harvesting marine animals might he 
prefected to a point (according to 
some the point has already been 
reached) beyond which overfishing 
will result. And it is already known 
that overfishing results in decline in 
fish catch in the future. Is it possible 
to develop some methods in the sea 
comparable to the terrestrial agricul¬ 
ture? In fact, marine biologists are 
t^'ying tt) develop coastal aquacul¬ 
ture by which eitner any one species 
of animals or several species of anim- 
ais such as prawns, oysters, mussels 
and fishes may be grown: they have 
indeed been partly successful. But to 
inijoduce aquaculture, a detailed 
kncmledge of zooplankton is essen¬ 


tial since almost all commercial fish.^ 
eggs and larvae are planktonic and - 
moreover the fish also feed on zoo-^ 
plankton, rherefore, the behaviour- 
of these larvae and eggs during their J 
planktonic stages and also the life- 
cycle and behavioural pattern of other; 
marine zooplankton must be under-^ 
stood for a successful method of* 
culture. 

Since marine zooplankton are an 
important item in the food chain they 
arc responsible to a great extent fof | 
the transfer of several pollutants 
man via fish and other marine ani¬ 
mals. The pollutants like heavy metals^! 
hydrocarbons, pesticides, etc affect 
the brain, muscles, hones and several 
othei organs in the human body so as 
to cause various diseases and dis¬ 
orders and even death. Another 
aspect of pollution studies is, there¬ 
fore, to find out how these organisms' 
gather the pollutants, what happens 
to these organisms in different con- 
centiaiions of the pollutants and con¬ 
sequently to the fisheries, and how 
do they transfer these pollutants to 
other animals in higher trophic levels 
of the food chain and ultimately to 
man 


Dr. Bhattacharya who is 
with the Department of 
Zoology. Siddharth Col¬ 
lege of Arts and Science^ 
obtained his Ph D in 
Marine Zoology His 
research work includes 
experiments on various * 
live marine zooplankton k, <. 
like copepods, post¬ 
larvae of prawn, Acetes, mysids, 
medusae, ctenophoreS and others 
laboratory with reterunce to their 
and temperature tolerance 
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The fascinating 
Fibonacci numbers 

Basil Davis 

Fibonacci numbers turn up everywhere around us 
in stable atomic nuclei, in composite flowers, in 
beautiful paintings and even poems 


T HK I ihDiiacci luimhcrs l\)rin iiit 
iniriiiuiniz scqiicruv.* liiM 
described in the 13th century by the 
Italian mathematician, Leonardo 
Fibonacci, after whom they arc 
named. They turn up in the most 
unexpected areas: to name a few—in 
chemistry, botany, architecture and 
even in celebrated paintings. Why 
they do so is controversial. Some 
ascribe it to divinity, some to natural 
law but all agree about their fas> 
cination. There is now a Fibonacci 
Association based inC alilornia. USA. 
Adherents of the Fibonacci cull arc 
known somewhat irreverently as 
‘Fibonacci ntits, hut the Association 
since 19b3 regularly publishes The 
Fihoncicei Quarterly, a journal 
devoted to the properties of the 
Fibonacci sequence and related topics 
in number theory. One need not, 
however, be a mathematician to 
explore the fascinating properties of 
the Fibonacci numbers. A working 
knowledge of simple arithmetic is suf¬ 
ficient for anyone to explore their las- 
cinating properties ancl discover end¬ 
less theorems and regularities. 

ActualK, Fibonacci did not study 
deeply the sequence named after him. 
The sequence was studied in dcfUh by 
Edouard Lucas, a 19th century 
French mathematician who pve it the 
name. He was studying the nehaviour 
of sequences which start withi//iv two 
numbers, every subsetiuent number 
in the seaiicncc llicn being derived by 
adding tnc two preceding numbers. 
One such sequence is I, 3, 4. 7. 11; 
IS. . , now known as the Lucas 


series. The Fibonacci sequence - LI, 

2, 3. S, . . . the simplest of sudi 
sequences. I he lirst twelve terms of 
the l ibonacei set|uence are shown in 
■fable 1. 

Take a look at the ratio of con¬ 
secutive Fibonacci numbers. As we go 
to larger and larger l'ibi>nacci num¬ 
bers we shall find that the ratio gets 
closer and closci to (1 f \ .s)'2. I'liis 
limiting value, appi oximatcl v 
l.OlS. .. IS called the golden lalio 
and is one (d the most iniporlanl fca- 
tuicsof the Fibonacci sequence. 

Fibonacci numbers are important 
in processes of grow th, riic now fam¬ 
ous problem which Fibonacci 
described, and which gave the sequ¬ 
ence its name, concerns rabbits anti 
their grow'th. A male-female pair of 
rabbits is kept in an enclosure. Any 
new pair docs not yield progeny till 
the end of its first month. Lverv pair 
thereafter gives birth to a male- 
female pair every month. 

Assuming that none of the pairs 
dies and that the original pair bears its 
first pair in the first month, how many 
pairs will there be at the end of one 
year? It turns out that the number ot 
pairs in the enclosure at the end of 
each month- 2. 3, .“s. (S, 13, 21.34, 

S9, 144, 23 377 is alwa\s a 

Fibonacci number (the growth of rab¬ 
bits at the end of each month is shown 
in Fig. 1 for the first five months). 

Fibonacci numbers appear in 
innumerable instances in plant f 
growth and structure. Take a pincap- S 
pic. It has a number ol “eyes'’,.wari- > 


' . . I 1 ,^.1 - 1 . t i n ' ^ 

like thorny projectionsvon its surface. 
The eyes are arranged in two sets of 
spirals, one moving in a clockwise and 
the other in a counterclockwise direc¬ 
tion. The number of spirals measured 
in one direction and that in the other 
are invariably consecu¬ 
tive Fibonacci numbers (big. 2). A 
composite flower like I he simflowci 
has disc and lay floicls. The disc 
floicls arc arranged in spirals run¬ 
ning clockwise and counierclock ■ 
wise. 1 he number of spirals here, 
too, will be close to consecu!i\e 
Fibonacci numbers, h could be a 
piTdilablc hobby i(» observe growth 
pioccsscs and discovet the l ibonacci 
sequence occuriing in dilfcicnt ways 
in tlillerenl plants. 

Fibonacci numbers also turn up 
inside atoms. The nucleus of an atom 
is a tightly packed collection of posi¬ 
tively charged protons and the elec¬ 
trically neutral neutrons, rhe number 
of protons, which is equal to the 
number of elections, is called the 
atomic number and designated bv 7. 


Table 1 The Fibonacci sequence 


Serial 

number 

Fibonacci 

number 

Ratio of 
consecutive 
numbers * 

1 

1 

_ 

2 

1 

1.000 

3 

2 

2.000 

4 

3 

1.500 

5 

5 

1.667 

6 

8 

1.600 

7 

13 

1.625 

8 

21 

1.615 

9 

34 

1.619 

10 

55 

1.618 

n 

89 

1.618 

12 

144 

1.618 


*Up to three decimal places. 



Fig Z This pineapple has 8 spirals in the 
dire:;lion parallel to the dotted line and 13 m 
that parallel to the ncWid line both 
I ibcnacci numbers 



Fig 1, In Fibonacci's rabbit problem »be number of rabbits m the enclosure at the end of 
every month is a Fibonacci 






Table 2 Inert gases ftillow ftbonecd Table 3 Fibonacci and nuclear stability 


Gas 

Symbol 

Atomic 

number 

Neareat 

Rbonacei 

number 

Magic 

number 

<x) 

Vio 

Nearest 

integer 





2 

0.2 

0 





8 

0.8 

1 

Helium 

He 

22 

2 

14 

1.4 

1 

Neon 

Ne 

10 

13 

20 

2.0 

2 

Argon 

Ar 

18 

21 

28 

2.8 

3 

Krypton 

Kr 

36 

34 

50 

5.0 

5 

Xenon 

Xe 

54 

55 

82 

8.2 

8 

Radon 

Rn 

86 

89 

126 

12.6 

13 


The chemical properties of an cle¬ 
ment are determined solely by its 
atomic number. 

Elements combine with others to 
form chemical compounds. But the 
inert gases arc exceptions; their con¬ 
figurations are very stable and it is 
only with the greatest difficulty that 
they take part in chemical reactions. 
Table 2 gives the atomic numbers of 
these inert gases; it shows that the 
atomic numbers of the heavier atoms 
are strikingly close to the Fibonacci 
numbers 13, 21, 34, 55 and 89. 


Some mathematical properties of 
Fibonacci numbers 


Ann one to the golden ratio associated 
with Fibonacci numbers and you get its 
square. Add the ratio itself to the 
square and you get its cube Add the 
square to the cube and you get its fourth 
Cilii continue wiili this «is 
loni! as vou like to get higher and highei 
poweis ol the golden ratio. 

Alternatively, subtract one from the 
golden ratio and you get its reciprocal. 
Subtract the reciprocal from one and 
you get the square of the reciprocal. 
Subtract the square ot the reciprocal 
from the reciprocal itself and you get 
the cube of the reciprocal. You can 
continue this as long as you like, to get 
higher and higher powers of the recip¬ 
rocal ol the golden ratio. By simple 
addition and subtraction you can raise 
the golden ratio or its reciprocal to as 
high a power as you like. 

1 his IS iiiily one «il the in.inv reinaik 
.ihle pioperlies asstiei.iteil with Fnbonae- 
ei iiiimbeis. hut belore ue take a closer 
look we shall have to get the I ihoiiaiei 
sequeiiee in ordei F ach of the F ibonae- 
ei mirnhers in the sequence is denoted 
h\ f „ where ii lelers to the place of the 
nuinbei in the sequence. Ihiis. fioni 
l.ible 1. we can sec that F’|-F-; I, 
! ; - 2, I , .-144 and so on Mathemati¬ 
cians add a Uirlhei term at the begin¬ 
ning of tile sequence, F’o.~d, to lomul 
oti the sequence File teims o| tlie 
sequeiiee .iie ielated lo one aiioihei In 
the eondil'oii that each term is the sum 
of the two preceding teims. that is, 
I .. * "~l iM I ^ f'l. I he seqiierue then 
.ippCiils iis IdIIows 

R. F, F, F, Fj. F« Fh h 

0 1 1 2 3 5 8 13 21 34 

• We arc now all set to look at some 
mathematical properties of the Fibonac¬ 
ci sequence. The sum of two consecu¬ 
tive Fibonacci numlxTs is, of course, 
the next Fibonacci number. But, the 
sum of the squares of two consecutive 
F’ilxinacci numbers is also a Fibonacci 
number. This can be easily verified for a 
few of the numbers from the table. 


V+V = 2 
F-»-r == 5 
2^+3^ = 13 
3^4-5*’ = 34 

This is actually a special case of a 
more general property. Take two pairs 
of consecutive Fibonacci numbers. Mul¬ 
tiply together the first from each pair 
and the other from each pair and add 
the products. The re.sultant number will 
again be a Fibonacci number. 

Ix3+2x5 = 3-Fl()=: 13 
3x13-1-5x21= ,394-105= 144 
2xK43x 13 16.f39 = 55 

The algebraic formula specifies also 
which Fibonacci number will result. 
Thus, if the pairs are F„.^, and F„, 
Fm-f 11 then the result (FnFm 4 F„ 4 tFm^ ,j 
will be the Fibonacci number 
TFic earlier example of the sum of 
squares of consecutive numbers is only 
a special case in which the pairs arc 
identical and n=m so that the result is 
the Fibonacci number F^n+i I'he read¬ 
ers can easily verify this from Table 1 , 
The subscript n denotes the place ot 
the Fibonacci number in the sequence. 
If turns out that if the subscript of one 
Fibonacci number is divisible by that of 
another then the number itself is divisi¬ 
ble by the Fibonacci number corres¬ 
ponding to the other subscript. Thus 
since 12 is divisible by 6 , F|;j 144 is 
divisible by F^, = 8 , or since 14 is 
divisible by 7, F 14 = 377 is divisible t)y 
F 7 = 13. 

Among all the Fibonacci numbers 
there is only one square number (we 
make an exception of the trivial cases of 
^ 1 ) = and F. ~r:=l) and dial, in¬ 
cidentally, is also the square of its 
subscript F ,2 = 144 = 12M 
The ratio of two consecutive numbers 
of their sequence is one of the most 
important properties of the Fibonacci 
numbers. Starting from the definition of 
the Fibonacci numbers, we can write: 

Fn 4 F|| j 


FimI^Fi, — 1 4 Fn-^l/Fn 


Now, in the last expression above. 
Fp/Fn-i can obviously be replaced by a 
similar expression and soon we have a 
long continuing fraction. 


Fn^i/F, = 14 


14 


14« 


14- 


14.... 


As n tends to infinity the continuing 
fraction also becomes infinite and the 
formidable looking expression can be 
evaluated quite simply. Let the express¬ 
ion be X, then obviously the shaded 
portion is also x. .So, 

X = 1 4 

X' = N-l 1 

or x‘—X— 1=-0 

I'his equation has two roots, of which 
the positive one, 

14V5 

--, 

2 

IS the golden ratio. The magic value of 
1.618... is nothing but (l4\/5)/2 ex¬ 
pressed up lo three decimal places. 

riie properties ot the golden ratio we 
mentioned in the beginning are simply 
the lesiill ol the equation \ = x 4 I that 
(\ satisfies. .So, afa'-t\(l4a| - c\x 
(\ —a and so on. Similaily .iii.inging 
i»m equation we gel a or tlivid- 

ing throughout by a. o - 1 -' Fhcn. 
1 -' rt - ' .do - 1) - 'and so 
on. Any power. Iherehue, ol the golden 
ratio ean be derived Irom ii simply by 
addition and siihiiacturn. 


B. D. 






■ gfl^en 

/ MtiWiiot.be encftpsutAt^d into a rigid 
Ig^ the Fibonacci sequence and 
Its gdidcA ratio are no exception* The 
gOiden t>roportion h only one unibng 
; many aesthetic values which will be cru- 
/ClaUy dependent on the artist, the 
: Itis age and its 

milieu. One must also 
distinguish between regularities which 
Uain and sharpen ondl» sensibilities 
^nflning them and those whi^, 
serve rather to constrain them. 

If we keep this firmly in mind, we wilt 
be able to enjoy the ncar^ubiqiiiious 
appearance of Fibonacci numbers in the 
patterns around us without their 
encroaching upon re^ison and creativity. 
Here is a portrait by Rembrandt which 
turns around the golden ratio. The pic¬ 
ture frame has been divided into 
rectangles formed by the points which 
divide the sides of the fiurne in the gol¬ 
den ratio. Till? smaller redangles in the 
upper left corner are similarly obtained 
by dividing the sides of the small 
rectangle, again in golden latio. The 
main elements of the picture can then he 
seen to turn around these divisions, of 
which we describe a few below. Readers 
can discover many more on their own 
The head, the important element ol 
the picture, has u rectangle, formed b\ 
the blue dividing lines, all to itself. The 
hand, another impoi tarn pan of the pic¬ 
ture, also has a similar rectangle all to 
itself. The further smaller divisions show 
that the highest lights on the face all tall 
into one rectangle in these subdivisions 
u Within their respective rectangles, the 
« head lies on a line of the golden section 
I as docs the upper hand, the other liigh- 
I light of the jxirtrait. 

I D. T. PADEKAR 

P Mr Padekar was a lecturer at the J.J Insti* 
I tute-of Applied Art and is presently with 
I the Art Department, Times of India 
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.1 ust US atoms pat iicipatc in chemical 
reactions, the nucleus takes part in 
nuclear reactions, which are the 
source of nuclear energy. Here, too, 
there are stable and unstable nuclei. 
Experiments show that nuclei having 
either their number of protons or 
neutrons equal to 2, 8,14,20, 28, 50, 
82 and 126 arc exceptionally stable. 
The significance of these "magic 
numbers” remained a mystery till it 
was finally explained by the shell 
model of the nucleus. 

At first sight these magic numbers 
do not seem to have anything to do 
with Fibonacci numbers. But divide 
them by 10 and round them off to the 
nearest integer and we have the terms 
.of the Fibonacci sequence (1 able 3)! 
IWhether in the atom or in the nucleus, 
Fibonacci spells stability. 

M SriKNrt Tn^&kjiiLY 1981 


In the late nineteenth century, 
Adolf Zeising, a German, wrote a 
book about the golden ratio, the limit 
to which the ratio of consecutive 
Fibonacci numbers approaches. This 
classic treatise puts forward the view 
that the golden ratio is the artistically 
most pleasing of all proportions. Zeis¬ 
ing further argues that the golden 
ratio also plays a fundamental role in 
the structure of living things including 
the human body. He asserts that the 
average ratio between the height of a 
man and the height of his navel is the 
golden ratio. 

This assertion is in the process of 
being tested by biologists 1. A. Davis 
and R. Alterogt. Their measurements 
of subjects from India and West Ger¬ 
many show an average clo^ to 1.618. 
Proportionate lengths of legs to body 


heights, however, varies for different 
countries and more experiments from 
more countries are needed in order to 
generalise. 

I'he aesthetic appeal of proportions 
in the golden ratio can be very easily 
seen. If w’e draw a number of 
rectangles, then it is most likely that 
the rectangle we pick out as the most 
pleasing will be a golden rectangle, 
a rectangle whose sides are in the prop¬ 
ortion ol the golden ratio. The ancient 
Cireeks incorporated the golden ratio 
in their architecture; a golden rectang¬ 
le fits exactly over Ihe facade of the 
famous Parthenon. The golden ratio 
can be found in many paintings. G. E. 
Duckworth has even produced evi¬ 
dence that it can be found in the con¬ 
structions of famous Latin poets like 
Virgil. Lucretius and Horace. 



















Fig 3. Pme cones contain spirals close to 
Fibonacci numbers, in this case 5 and 8 


The golden ratio of the Fibonacci 
sequence is also important in music. 
H. L. Huntley says. “There arc three 
emotionally potent musical intervals 
which stand out from all others by 
virtue of their consonance: they are 
the unison, the octave and the major 
sixth. These arc aesthetically pleasing 
because . . , these pairs of tones pro¬ 
duce no beats between their har¬ 
monics." Jt turns out that the intervals 
of the unison (the notes C and ('), the 
octave (the notes (" and (.') and the 
inajoi sixth (the notes ( ' and E) are 
characterised by the ratio of fre¬ 
quencies of 1:1, 2:1 and 8:5, respec¬ 
tively, all of them Fibonacci numbers. 
Fven in a piano keyboard the 
Fibonacci numbers are apparent. An 
octave of the piano keyboard consists 
of a group of 2 black keys and another 
of 3 black keys, making a total of 5 
black keys for the octave along with a 
total of 8 while keys, making a grand 
total of 13 keys lor the octave. 

A gie^m of light 

The Middle Ages (from about 800 AD to 
1450 AD) were a period of stagnation 
and gloom for European mathematics. 
In this darkness, a gleam of light showed 
up briefly with Leonardo of Pisa. Now 
more famous by his patronym Fibonacci 
(the son of Bonacci), he was the only 
outstanding European mathematician of 
this period. 

The famous sequence named after 
Fibonacci occurs in a problem he hehd- 
les in passing in his magnum opus. Liber 
Abaci (the Book of the Abacus), pub¬ 
lished in 1202. In it he demonstrated the 
efficacy of the Indian-Arabic numeral 
system, which is now in general use, and 
advocated its use for calculations. He 
was perhaps very well-suited to do this. 
Though born at Pisa, the city t'amoiis for 
its leaning tower, in North Italy, he spent 
his childhood in North Africa where his 
father was in charge of a custom house. 
I'hus, he was practically brought up on 

this numeral systcmn 

.— . ...■ 



Drone 1 

Fig 4 The drone s ancestral tree. The number of ancestors in a generation duplicate the 
Fibonacci sequence 


The Fibonacci kingdom has many 
more areas and a number of books 
have already been written about it. 
The three references below will help 

Through IJber Abaci, Fibonacci also 
transmitted to Europe the major 
achievements of We.st and South Asia in 
trigonometry. Tliis itself should have won 
him a place in the history of European 
mathematics, though a later work, 
Algorismus by John Holywood, pub¬ 
lished in 1240 became more popular and 
was still being reprinted in the seven¬ 
teenth century. 

Fibonacci was also a mathematician in 
his own right. It may look deceptively 
easy but it took a genius to sift and select 
from the Arabs their major achieve¬ 
ments. He also discussed the rudiments 
of an * algebra', and calculated to be 
between 3.1410 and 3.1427, a closer 
approximation than that of Archimedes. 
He attempted to make meaning out of 
expressions like diminished by eight" 
which he pul asa debt of 3" prefiguring 
the concept of negative numl^rs. But he 
was far too much ahead of his times for 
any of bis results to be built upon and 
developed by his contemporaries. 

P. V. P. 


the more interested reader to get 
acquainted with some of its path¬ 
ways. We shall close the article by 
describing Fibonacci numbers in the 
ancestors of male-bees or drones. 

The male bee, or the drone, hatch¬ 
es from an unfertilised egg. Thus he 
has a mother but no father. His 
mother, however, being female, 
hatched from a fertilised egg. Thus 
he has two grandparents. Of these, 
the grandfather had one parent and 
the grandmother two and so on. If we 
now climb up the ancestral tree of a 
drone, the numbers of ancestors in 
any one generation form an exact 
replica of the Fibonacci sequence 
(Fig. 4)! 

Br Davis is lecturer in physics at St. 
Edmund s College, Shillong, and is cur¬ 
rently engaged in research m theoretical 
nuclear physics. 

Recommends reading. 1. The Fibonacci 
Quarterly, University of Santa Clara 
California 95053,USA; 2. The Divine Prop¬ 
ortion: A Study m Mathematical Beauty, H 
E. Huntley, Dover, New York. 1970.3. Struc¬ 
tural Patterns and Proportions in Virgil's 
Aeneid, G. E. Duckworth. University of 
Michigan Press. 1962. 



ROUND-UP OF RESEARCH 


Designing non-virulent bacteria 
for live vaccines 


Drug resistant plasmids (R-factors) were 
first identified in Japan around 1960. 
These autonomously replicating genetic 
elements which make their bacterial hosts 
resistant to one or several anti-bacterial 
drugs are widely transmissible among bac¬ 
teria. Detailed investigation of the trans¬ 
fer of the drug resistance between bacteria 
revealed that the genes determining resis- 
*tance to specific drugs formed parts of 
discrete dna segments which could hop 
(translocate, transpose) from the plasmids 
to bacteria or bacteriophage chromo¬ 
somes and vice versa. Several inde¬ 
pendent reports describing these trans- 
locatuble drug resistance elements (trans- 
posons) appeared between 1974 and 
1976. These elements were found to share 
several properties with lysogenic bac¬ 
teriophages and the so-called insertion 
sequences. For instance, they could 
occupy a large number of sites, albeit with 
variable frequency, on a given chromo¬ 
some and could produce mutations by 
inserting themselves in the middle of func¬ 
tional genes. They could also cause 
chromosomal alterations near the sites of 
these insertions. In addition, they could 
serve as clean and convenient genetic 
markers. Due to these and other useful 
properties, they were soon recognised as 
powerful tools for genetic munipu 
lutions of hacleria. A host of new 
methods ftn m vivo genetic rear¬ 
rangements m bacteria using these drug 
resistance transposoiis were soon 
developed. These methods have found 
enormous number of applications in bac¬ 
terial genetics. 

S. K. Hoiseth and 0. A. D. Snicker 
[Niitutr 291 2.^S) of Stanford University, 
USA, have used transposon-mediuted 
munipulations to develop live and cftcc- 
tive vaccines against infections of Sal- 
monclla lyphimuriinn. For this, they 
inserted a tiansposoii called Tnif^in the 
middle of a gene termed aroA, in a vir¬ 
ulent strain of .S', txphimurium. Tn/^V 
eoiles for resistance for the antibiotic tet¬ 
racycline and the ^cncaroA belongs Ui the 
aromatic biosynthetic pathway. A miila- 
lion in any step ol this pathway slops the 
synthesis of all the aromatic rnelaholitcs of 
the cell including pura-aminoben/oic acid 
(pAH) and 2. .^dihvdroxvbenzoate tl)HU) 
The latter two compounds are not avail¬ 
able in the vertebrate tissues and there¬ 
fore, a ituitalional block in am A makes 
the S. ixphimurium non-virulcni in ver¬ 
tebrate tissue. 

The block in aroA gene caused by the 
inseition of '\'i\I0 can be lemovcd by a 
clean excision of the transposon, which 
makes the cells tetracycline-sensitive and 


restores its virulence. This is a rare event 
occurring with a frequency of approxi¬ 
mately 10\ This reversion frequency, 
though low, is not acceptable in a vaccine 
since the virulent revertants are usually 
highly lethal. (In toxicity tests, less than 20 
virulent bacteria injected intraperiloneally 
killed 50 per cent of experimental mice.) 
Therefore, the authors made the block in 
aroA essentially non-reversible. For this 
they made use of another property of 
TnllK namely, the tendency to cause dna 
alterations, within the transposon itself, 
sometimes extending into adjacent 
chromosomal genes. They were able to 
obtain Iclracycline-sensitive derivatives 
of Tn 10 induced mutations in which the 
block in aroA gene was not lifted at a de¬ 
tectable frequency (less than 10 " per bac¬ 
terium per generation). 

Two stable mutants of aroA were thus 
obtained and tested for ability to act as live 
vaccines to protect against a later chal- 


Natural martian laser 

PiiYSK ISIS from NASA have recently 
observed the firs! naturally occurring 
laser. This infrared laser is at work in the 
upper atmosphere of Mars. Lasers have 
been produced lor the last two decades 
under highly controlled conditions using 
sophisticated technology. 

Laser is the acionym for "Light Ampli¬ 
fication by Stimulated I'mission of Radia¬ 
tion" It is produced because of the way 
radiation interacts with atoms or mole¬ 
cules. In a gas at themiodynamic equilib¬ 
rium, the lower energy levels are more 
populated. Hut by exciting moTecules 
suitably, the situation can be reversed 
and higher energy levels can be made 
more populated. This situation is known 
as population inversion. Now, if a photon 
having energy equal to the energy differ¬ 
ence between the two levels hits an 
excited molecule, the moleeule is stinm- 
(aU‘d to jump to the lower energy level, 
eimtling a phonm identical to the inci¬ 
dent one. These photons interact with 
other excited niolecules. producing more 
identical photons. Thus, an avalanche of 
photons is generated. The light emitted 
thus is highly coherent and intense. 

Depending on the energy difference 
between the higher and lower energy 
levels, the emitted radiation may He of 
long wavelength, such as microwave 
(Maser), or of .short wavelength, such as 
infrared or visible light (Laser). Hun¬ 
dreds of natural masers have been. 


lenge with a virulent S, typhimurium 
strain. Both the strains were very effective 
as vaccines. These results were in striking 
contrast to the earlier findings by H. G. 
Robson and S. 1. Vas that vaccination by 
injection of killed Salmonella confers only 
poor protection against a challenge by 
virulent strain. 

Recently, a vaccine against foot and 
mouth disease (I-mdi has been developed 
using techniques of in vitro genetic 
engineering. The present paper indicates 
that the techniques of in vivo genetic 
engineering using transposems may pro¬ 
vide .simpler routes to the development of 
vaccines, at least for bacterial diseases. 
Though more extensive animal tests as 
well as human tests will be required before 
the final decision about the usefulness of 
such vaccines can be made, the technique 
is simple and elegant and is likely to find 
wide-ranging applipations. 

S. K. MAHAJAN 

Dr. Mahajan is with Biology and Agriculture 
Division, Bhabha Atomic Research Centre, 
Bombay. 


observed since I9h3. in inlerMellai space, 
in variable red giant stars, etc. Astronom¬ 
ers were speculating that in the univeise,, 
regions could exist wheie pupulatitin 
inversion of mcdeeules, atoms or even 
nuclei is being imlueed by liigh-eiieigy 
radiation lo produce laseis And now 
they have been rewardcil with the tirst 
glimpse ot a iiatuial laser. 

The NASA gioup led by Michael J. 
Muinma claims to have observed po|)ula- 
lion inversion m the H).4 mierometie 
(p.m) transition of carbon dioxide in the 
upper atniospbere of Mars (Scirnce 212 
p. 4.S). They measmed the miensitv 
profiles of various lines at 111 4 firn from 
the radiation coming from Mars with the 
help ot an infrared heterodyne spectro¬ 
meter during January-April 19K(), when 
the planet was near opposition. Analysis 
of the intensity profile of R(S) rotational 
line, one of the many lines of 10.4 pm 
band, showed that the upper laser level 
((Kri) lor this tiansition was not in local 
thermodynamieal equilibrium (in). 
They estimated the kinetic tempeiatuie 
of the emission region from the emission 
lint* width. From the intensity measure¬ 
ment, it was found that the energy 
radiated in R(K) line was about a billion 
times more than it would be it this icgion 
of the atmosphere were m ltl. 

At pressures typical of the emission' 
region, the upper atmosphere of Mars, 
the dominant relaxation process for the 
upper la.ser level is radiative energy 
exchange, while that for lower laser level 
(lOt)) is the collisional relaxation. Left to 







Ihemselves, these levels can come to i Th 
through their respective relaxaln)n pro¬ 
cesses. The NASA group attributes the 
failure of LTf. for upper laser level to 
screening of radiative exchange in the 4.3 
pm band by airborne dust. However, at 
the lower atmosphere where pressure is 
higher (Kl"l level can come to i Tt through 
collisional lelaxalion. From the inte¬ 
grated line brightness the column density 
in (MTl level was estimated to be not less 
than 2 x 10“ t 2 x 1 O'Vein. The 
population of 10"0 level, which is at i rr, 
was found to be about 3 x !()'■ / cm . Thus 
the 00"! level is populated more than fifty 
times as eompaied to the 10“0 level and. 
therefore, 'natural lasing' becomes possi¬ 
ble on the transition of CX).^ molecules in 
the mesosphere of Mars. 

It is interesting to note that the highest 
average power laser operated to dale — 
the ‘gas dynamic CT)j laser' ^ uses a simi¬ 
lar mechanism tor creating population 
inveision. However, in the observed 
natural laser the suggested mechanism 
for the failure of i n in Od' l level seems 
U» he speculative. This can be verified in 
the iahoratorv by simulating the condi¬ 
tions existing in the mesosphere of Mars. 

ASHISH KUMAR NATH 
DHRUBA JYOTI BISWAS 


Mos.ac vjews of the south polar regions of i"|;7Mr Nath and Mr Biswas are with the Laser 

Mars taken two years apart. Mariner 9 Section. Bhabha Atomic Research Centre, 

shapped the photo at the top during a dust snows greater surtace details. The airbone 
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NATIONAL CENTRE FOR SOFTWARE DEVELOPMENT 
AND COMPUTING TECHNIQUES 


41K-* National Centre for 
.Software Development and 
Corrrpiitiny 4'echni(jues at the 
*Tita Institute of I undarnental 
f^eseturh invites applications fov 
admission to this course 
llu' rouise is meant for 
those alieadv involved in 
computer proyramminp and 
will (leal with systems ancl 
applications softw/aie. 
h iowever. exceptionally 
motivated individuals can use 
the course as a rigorous and 
cornpiehensive nitroductu in 
to the field F^irticipants will 
receive a full .set of course 
materials including text books 
and a generous allowance of 
computer time on the DL(V 
System 10 which offers lime 
sharing facilities 
The minimum qualification for 
admission is a Bacheloi 's 
degree in any subject, or 
equivalent education 
Candidates will be assumed to 
have studied mathematics, as 
one of the subjects, for two or 
more years at college level. 
Those studying ior a Master s 
degree are not eligible. 


Tata Institute of Fundamental Research 
Hoini Bhabha Rtiad. Bombay-400 (K)5 


I NCSDCT 

I PART TIME COURSE j 
I in 

[ SOFTWARE 
i TECHNOLOGY / 





Application form and a detailed 
brochure will be available on 
payment of Rs,5j -at the T.LF.R. 
main gate between 1100 and 
1600 hours on all working days 
from July 6 to August 10, 1981. 


Candidates sponsored bv their 
employers w'lll bi* given 
pref("rence in admission 
f-ees 

Individual 

Ks l.SOD/' (in instalments) 
Sponsored 

2.800' (in one payment) 

Lectures will be held at the 
Sydenham Coll(7>.' of 
Commerce & Lcoriomit s near 
Churchgate, Bombay Computing 
facilities will be provided 
through terminals at the Victoria 
Jubilee Technical Institute. 

The application form duly 
completed along with the 
examina(if;n fee of 25 must 
be receivf’d at TI K. on or i 
before Auijust 10, 1^^8L'I'ht! 
competitive entrance 
examination will be held on 
Sunday. Arujust 28, 1981 
at 101K) hoLUs at India 
Lducation Society’s hnglish 
Medium School (King George 
High School), Hindu Colony 
l)adar, Rombriy 400 014 
The brochure accompanying 
the application form suggests 
suitable reading in preparation 
for the examination. 





The shadow of the Kitt Peak at sunset. Note that the summit is not exactly triangular 


A decade or so ago, I saw a 
particularly memorable sunset in 
which not only were the colours 
grand, but in the eastward direction, 
there was the magnificent shadow of 
the mountain on which 1 stood. And 
what a shadow! It was projected with 
unbelievable clarity onto the haze of 
the plains below. A stranger could 
easily have mistaken this shadow for 
a real nearby summit. Fortunately 
my camera was at hand and so the 
scene was recorded. 

For some years thereafter a print 
of this, Kitt Peak's shadow, hung in 
my office serving as a conversation 
piece for countless visiting scientists. 
Almost everyone remarked on the 
sharpness ot the shadow, with a 
perceptive few commenting on the 
presence in the sky of faint twilight 
rays. But no one, myself included, 
recognised that this mountain sha¬ 
dow violated the expectation that a 
shadow should mimic its owner. 

Until one day, a young student, 
Kathy DeGioia, asked; “Sir. how 
come, though the Kitt Peak is Hat, its 
shadow is pointed?" 1 mumbled some¬ 
thing about the laws of geometrical 
optics. But in fact I was stumped. 

Kathy's question evoked two re¬ 
sponses: the first was to work out the 
answer using the laws of physics 
(which was done) and, second, to 
search the literature for previous 
reports (since “there is nothing new 
under the Sun", at least in everyday 
experience). 



The role of perspective is similar to the 
apparent convergence of railway tracks. We 
know that the tracks are horizontal yet they 
appear to meet at a distance 

In fact, the mountain shadow phe¬ 
nomena have captured the attention 
of many. In Nature, ISK6. there is an 
account of the shadow of Adam's 
Peak in Sri Lanka. Camille Flamma- 
rion in his 1872 classic ^Atmosphere 
devotes an entire chapter to extolling 
spectre-shadows of the European 
Alps. One peak, the Brocken, has 
become synonymous with certain 
pcople-on-moiinlain projections 
onto mists, the “ Spectre of the 
Brocken". The shadow of Mt Fuji in 
Japan is famous as the Kage-Fuji. 
And so on. But none of these de¬ 



The Spectre of the Brocken" from L Atmos^ 
phere by C. Flammerion is a case of mis¬ 
representation leading to impossible phy¬ 
sics 

scriptions even hint that the shadow 
differed in form from the originating 
land-form, as Kathy had noticed. 

We have since collected photo¬ 
graphs of many mountain shadows 
from the world over and measured 
them. It turns out that (1) all moun¬ 
tains cast triangular shadows irres¬ 
pective of the summit terrain, and (2) 
each mountain has a characteristic 
apex angle to its shadow which de¬ 
pends only on the ratio of the 
breadth of the mountain to its height 
above the surroundings. 

So why are all mountain shadows 









Whatever the shape of the summit, all mountains cast triangular shadows at low Sun For The shadow of a person at low Sun mimics 
that matter, even square or rectangular blocks would cast a triangular shadow under such mountain shadows (Photo by WCL) 
circumstances 


pyramidal? At low Sun, the outline ot 
the mountain, as seen from its top, is 

E etcd onto the ha/c many lens ol 
ictrcs away. I'lie sumimt outline 
IS there, but it is so tar away lhat it is 
reduced to a tiny, unrest)!vabic pro- 
lile at the shadow apex. Also, the 
hall-degree si/c of the solar disc 
smears out detail. The general trian¬ 
gular shape arises entirely as a con¬ 


sequence of the width of the base and 
the height ot the top ( onipiilci 
Simulations by I). Lvncli show iluit 
cven^ a rectangular or a squate (ilock 
projeci almost tnangulai loinis 
The eftecls ot viewing perspective 
and the linite size of the Sun’s disc 
distort the shadows ol people, loo 
At low Sun, a person s shadow is all 
legs with the bodv and head leducetl 



The summit profile which is slightly irregular becomes greatly magnified in one rfirec tion 
at low Sun (photo by WCL) 


almost to insignificance as shown in . 
aeeoinpanying photos, 

I his exercise with mountain sha- 
di^ws has laiighi me an important 
lesson. Remember the phott)graph of 
Kit! IVaks shadow? It hung in plain 
view lor years without the paradox of 
iis protiie being sensed. So now, 
Nvhai oiIht faeis of nature surround 
us ihal we are blind to? 

WILLIAM LIVINGSTON 


D' I ivinyston is with Kitt Peak National 
Observatory, USA. 







Get your sophisticated 
electronic components 
from people whp know 
as much about it as 
the mmiufacturer. 
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Tecmark 
Electronics 
Pvt. Ltd. 

We are a marketing 
organisation distributing a 
wide range of industrial and 
professional electronic 
components. 


Products from reputed 
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this convenience is long and 
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requirements of electronic 
components, we are in a 
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use of these products. 

After all we have the help of 
our associate companies 
Behram Wadia Associates and 
Wadia Technical Services, who 
are both pioneer consultants 
in electronics. 


For further details 
contact us at: 

TECMARK 

electronics pvt ltd. 

n. Koiegaoii Park ,Pur)e-411 UU1 
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Itow muii d^ydu know aboiit CHEl^lllY? 



This month's quiz is on chemistry again. Listed below are 14 questions with four 
probable answers for each. Tick off the answer which you think is correct and turn 
overleaf to see how much you have improved since the last chemistry quiz (December 
197SP.67) 


1 . Which one ol the following statements 
IS a precise definition of the term ‘ele¬ 
ment'? A. A substance that is chemically 
inert. B. A substance that does not 
undergo any physical change. C. A subst¬ 
ance composed entirely of atoms with the 
same atomic number. D. A substance 
which is solid at room temperature. 

2. The most abundant element in the 
universe is; A. Hydrogen. B. Ileluim. (' 
Oxygen. D. Silicon, 


from cupric oxide and zinc oxide but not 
from magnesium oxide. Zinc will remove 
oxygen from cupric oxide. In which of (he 
following are these metals m a decreasing 
order of reactivity? A. Z.n—Mg—Cu. B. 
C u — Mg Zn. C. Zn - ( u ■ Mg I) 
Mg - Z.n - C'u. 

8. Which one ot the following elements is 
more likely to be used m a photocell, to 
generate eleetrieit\ using visible light ' A. 
OoppeT B. Silver'C. Gold't). ( cMiim. 


3. Many elements have isotopes. For 
example, hydrogen has three.isotopes il 
known as hydrogen (H), deuterium 
(D) and ^11 tritium (i ) If in a chemical 
reaction one used heavy watei (DO) 
instead of ordinary water, A the reaction 
would have proceeded in an analogous 
manner, as with that «)f otdinarv watei 
B. the reaction would not have occurred 
at all. totally unexpected products 
would have been foimed. D. the leaction 
would occur at a |aster rate 

4. A chemist used a mass specirogiaph to 
analyse a chlorine sample. He louiid 
three lines eorrespemding to the masses 
70, 72 and 74 in the intensit\ latio of 
0:0; L Ciiven that chlorine molecule is 
diatomic and chlorine has two isotopes 
'^(^1 and ' Cl, what is the isotopic 
composition of cht)lorine (ie 'Y’l : ^^Cl) 
A. 1:1.B. 6:1.C. .1:1.D. 0 7, 

5. Two different compounds are repre¬ 
sented by the formula ( IC.O. We can 
safely conclude that A. they will have the 
same boiling point, B. they will have the 
same molecular weight, t. they will have 
the same molecular structure. D. they 
will have the same heat of combustion. 

6. The hemoglobin molecule, the lespira 
ttiry pigment in ted blood cells, contains 

per cent ot iron by weight. If the 
molecular weight of hemoglobin is about 
6S,0(K), how many iion atoms are theie in 
a molecule of hemoglobin (Atomic 
weight of iron = 56)? A.2. B.4. C.290. 
D.30 

7. Red hoi carbon will rennwe- owgen 


9. The molecular structure ot compoutuK 
have a tremendous influence on iheii 
physical properties. Which of the 

foil owing compounds —{ 1 ) ortho 
mtrophenol, (2) meta-nitrophemd, (1) 
para-nitrophenol- do you think will have 
the lowest solubility in watei’’ 

A. I B. 2 C 2 and .1 will have idenfu ai 
solubilities but less than I, D 3 



Pdra-nitroph«nol 


10. Deep sea Oivers use a i>ieathing 
mixture of helium and oxygen, insie.id o! 
air, to prevent the oeenrrence <.1 the 
pam ul condition kn.^wn as hcinK’ I m 
w^lncli ot the hallowing I'M'-oik is helium 
used,' A. Helium does no! dissolve m 
bhioil but nitrogen does. B Dissolved 
niiiogen (in blood) is extremelv toxu to 
cells. C. Helium facing a lighter gas can 
easilv diffuse into the lungs from the 
blood stream. D Helium i'* a lighlei g<is 
and so ficlfis the vlnet to ascend rapidh 


11. Which one of the following state¬ 
ments about the use of catalysts in 
chemical reactions is not true? A. Small 
quantities of catalysts are usually suffi¬ 
cient to cause a large amount of chemical 
change. B. Catalysts increase the rate of 
both forward and reverse reactions to the 
same extent. C\ The use of a catalyst will 
increase the yield of the de.sircd product. 
D. Catalysts will be recoverable at the 
end of the reaction. 


12. The term smog’ (derived from words 
smoke and tog) now refers to a dense 
atmospheric mixture of smoke and che¬ 
mical fumes, occurring in urban or highly 
industrialised areas. An important factor 
in the formatimi of a ‘smog’ is ‘lempera- 
liirc inversion', reinperature inversion is, 
A. the temperature below which water 
vapour in the atmospheie condenses. B. 
an odd atmospheric condition in which a 
hot laser of air covers the cooler air 
below (' the tempeiature above which 
smog cannot be formed. 1^. the tempera¬ 
ture dillereiKc between a windy day and 
a windless dav in a city. 


13. Para-amino ben/oie acid has been 
identified as an important intermediate in 
rhe melabtdism ot bacteria. Which one of 
the following is likely t(v be an effective 
drill? against haelerial infections? 


NH 



COON 


Para-ammo 
benzoic acid 



C 



NH2 



COOH 


14. Atmospheric nucleai explosions re¬ 
lease huge quantities ol radioactive ele¬ 
ments (radio nncleides) in the almos- 
phete. Dimng the ‘ta!l(»ut . many 
Mdionueleitles fnul then wav nuo living 
organisms through diinking watei and 
food Radioactive stioniiurn a 

strong |l emitter, with a half life of about 
2S vcais, IS one such radionucleide. In 
which tissue is ‘^*Sr likeb to accuimilate 
in humans and ammaK? 

A Brain B..Muscles ( Hone. D Blood, 


I 







1 . —C: For centuries it was thoujiht that 
atoms were immutable and indestructible 
and so conversion of one element into 
another was thought to be impossible. 
Prior to the discovery of the mass spec¬ 
trograph there was no way to prove that 
an element consisted of atoms of one 
kind only, rhe discovery of isotopes and 
artificial nuclear transmutations of one 
element into another necessitated a re¬ 
finement in the definition of the term 
clement. The number of protons in the 
nucleus of an atom of an clement, which 
is known as atomic number, determines 
its chemical nature 

2. —A; Hydrogen accounts for pei 
cent of the total number of atoms and 76 
per cent of the matter in the universe. 
Helium comes next with nearly seven per 
cent by number of atoms and 23 per cent 
by weight, 

3. “- A: The replacement of an atom in a 
molecule by its isotope does not change 
the chemical properties of the molecule. 
Replacing it by a heavier isotope, howev¬ 
er, slightly reduces the rate ot the leac 
lion, if the reaction involves the breaking 
of the particular bond. When radioactive 
isotopes are used in place of normal 
atoms, it is possible to keep track ot the 
atom during the entire chemical reaction. 
This tagging of molecules to trace tlieir 
routes in a chemical reaction is called 
labelling. 


ISOTOPES 



The atomic number of chlorine depends on 
the number of protons in the nucleus. The 
atomic weight depends on the number of 
protons and neutrons In isotopes the dif 
ference is because of the difference in the 
number of neutrons 


4. C • The given chU>rine molecules arc 
diatomic and with the two isotopes, a 
chlorine molecule may he ’Vl, or 
''(’I, 'Vl, or *"'(’1, ' Cl. rhis explains the 


presence of mass lines 7(1. 72 and 74 in the 
mass spectrum, if you assume that you 
analysed 16 molecules the number of 
atoms of each kind will he distributed as 
follows: 

'"'('I : (9x2 -f 6X1 + (l)/32 = 24/.32 
^'Cl : (U + 6x1 -I 2);.32 - S/32 

So the isotopic ratio is 24:S, that is, 3:1. 

5. —B: A chemical formula expressed in 

this manner cannot tell very much about 
the chemical or physical pioperties of 
molecules. For this, one has to know the 
structural tornnila. or the atomic arrange¬ 
ment in the molecule. It is the molecular 
structure that determines the chemical 
and physical properties ol a compound. 
For example, in this case the two com¬ 
pounds of formulas are ethyl 

alcohol (CH^(*H 2 ()H) and dimethylethcf 
(C.'HlOC'H 0• The Two compounds 
have entirely different chemical prop¬ 
erties. (See also cjucslions 9 ;jiid 13 ) 

6. — B: The weight of iron in a molecule 
of hemoglobin is 0.0033 x 6K000. Divid¬ 
ing this by the attimic weight, the number 
of atoms of iron m one nuileciile of 
hemoglobin turns out to he 

(0.0033 X 6«0(K)) ^ 56 4 

7. D: rhe knowledge that some ele¬ 
ments have a greater affinity to oxvgen 
than others has been used to extract 
metals from their oxide ores. In this 
problem it is evident that magnesium 
oxide is the most stable, followed by zinc 
oxide and cupric oxide. 

Another interesting example Is the 
thermit welding, using the reaction: 

F e : O , + 2 A I = A I 2 O 1 + 2 F e 

I'his reaction is highly exothermic: the 
temperature rises iipto 2500'‘C. The iron 
formed melts and the molten iron is used 
for w'clding. 

H.—D: When electromagnetic radiation 
impinges on a metallic surface, the ener 
gv t>t the photons is absojbed by electrons 
in the atoms and pholoelectrons arc 
emitted, piinided the photon energy is 
higher than a icc|ijircd minimum. 'Fhe 
capacity to emit photoelectrons varies 
with substances but alkali metals like 
sodium (Na), potassium (K) and cesium 
(Cs) arc capable of emitting pholoclee- 
trons in the visible region of the electro¬ 
magnetic spectrum. 


9.—A: The solubility of a substance 
depends upon its interaction with the 
solvent molecules. In the case of com¬ 
pound (i), the hydrogen atom in the 
-^OH" group is able to form a weak bond 
with the oxygen atom of the nearby nitro 
group and so its interaction with the 
water molecules will be less. Compounds 2 
and 3, on the other hand, do not have the 
'“NOi group r\ear the -OH" group. 
Therefore, hydn^gen bonds with water 
molecules are readily formed and hence 
they are more soluble than 1. 

. Hydrogen bond 
0 "'O 



0-nitrophenol 


10, —C: The solubility of most gases 
increases with increase in pressure. 
Bends is a phenomenon caused by a 
rapid ascent tliiough water. As the diver 
ascends, the external pressure on liis 
body falls and as the pressure is reduced, 
the nitrogen dissolved in the blood is 
released and forms bubbles in the blood 
sticani. This causes severe pain. Helium 
being only 0.4 times as soluble as nit¬ 
rogen (a gas of low molecular weight), 
it is quickly eliminated from the blood 
stream through diffusion into the lungs 
reducing the danger of bends even as it 
bubbles. 

11. —(’: Consider an uncalalysed reaction 
A-^B - C', under the reaction conditions 
(piessarc, temperature and quantity,ot 
reactants), and assume that equilibrium is 
reached in a certain tune, T|. As a 
catalyst increases the rate of both forward 
and reverse reactions to the same extent, it 
can only help to attain the equilibrium 
condition quickly, say in time T> (T^ is far 
less than I'l). but cannot increase the 
amount of C formed in the reaction which 
in anv case will solely depend upon the 
amount of A and B present at the start of 
the leaction. 


12.—B: Due to vehicular e.xhuusts and 
gaseous emissions from industrial plants. 












TEMPERATURE INVERSION sions alone are estimated to be of the 

order of a few thousand tonnes of pollu¬ 
tants per day in a big city.) 

13.—A: Scientists identify metabolic in¬ 
termediates and synthesise compounds 
which are structural analogues of the 
metabolites. The structures ((’) and (D) 
arc non-planar whereas para-amino 
benzoic acid has a planar benzene ring. 
Compound (A) is structurally very simi¬ 
lar to p-amino benzoic acid. Incidentally 
This is one of the 'sulpha drugs', sulphanila- 
mide, cltectivc against certain cocci infec¬ 
tions like pneumonia. Structure (B) con¬ 
tains a paraffin group and cannot be 
effective. 


1 


molecules like NO. NOi hvdnicarbons, 
etc aic released to the atmosphere. Sun- Planar ring Chair-shaped ring 

light induces photochemical reactions be¬ 
tween llicsc molecules to produce toxic 

molecules like ozone, acrolein, peroxy- 14.— C: The fate of the radionuclcidc is 
acetylnitiates, etc which are quite harm- decided by its chemical similarity with 
fill Temperature inversion causes a stag- other elements. Bone is mostly made of 
nant atmosphere in which sme^g' persists calcium phosphate, and '^'Sr {'w'hich is 
lor a long time because of the absence of chemically similar to calcium), accumu- 
coinectioM currents (Vehiiular emis- laics in bone. The radiation emitted bv 
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Both atoms have similar atomic configura¬ 
tion: 2 electrons in the outermost shell and 
8 electrons in the last but one shell. This 
accounts for their similarity 

IS harmful to the hone marrow, 
where red blood corpuscles are pro¬ 
duced. This can lead to hone cancer and 
leukemia. 

This quiz was prepared by Mr. J. ARU- 
NACHALAM of the Analytical Chemistry 
Division, Bhabha Atomic Research Centre, 
Bombay. 


EKgh quality Kothari Carbon Film Resistors, Yes, Kothari carbon Film Resistors, approved of 

now available aU over India.- 


Handpicked distributors to give you a 
good deal... 


by major original equipment manufacturers. 

Now easily available all over India at handpicked 
distributor outlets which have your convenience in 
mind. You'll find Kothari Carbon Film Resistors: 

• Conveniently small in size 

• Noise free 

e Highly stable 
e Highly reliable 

e Specially coated for humidity protection and 
electrical insulation 

e Easily available in an entire range: 5.1 ohms to 
2.2 Mega ohms in 1 %, 2% & 5% nominal 
tolerance 


Distributors for Kothari Carbon Film Resistors: 

Aradhana Electronics Private Limited, 62-A. Mahatma Gandhi Road, Secunderabad 500 003. Phone 622201- ANDHRA PRADESH 
Limited, 394-A, Lamington Chambers, Lamington Road, Bombay-400 004, Phone : 354016 & 355809 — 
MAHARASHTRA,GUJARAT. Electronica Devices Si Components, Room No: 17, 5ih floor. Tardoo Air Conditioned Market 
Bombay 400 034, Phone. 378269 - MAHARASHTRA. Indian Technological Products. Flat No: 305-306. Building No 35-36 
Nehru Place New Delhi 110 019, Phone; 682583, 389244 S 381811 — NORTH ZONE, EAST ZONE. Instrument Techniques 

Industrial Estate. Balanagar. Hyderabad 500 037, Phone. 262532 & 262533-ANOHRA PRADESH, 
KERALA AND KARNATAKA. Kantilal & Sons. 42-B, Harish Mukherjee Road, Calcutta 700 025 Phone; Office 478197 S 482402 
”■ ZONE. Linear Systems Inc., 607, Second Cross, Fifth Block, Rajajinagar, Bangalore 560 Old 

KARNATAKA. Power Electronics. 5496, Amir Chand Marg. Delhi 110 006, Phone H O. 238116 S 233808 — NORTH ZONE 
Rotek Electronix. 15 Narasingapnram Street, M.idfas 600 002. Phone 413893 & 445900 TAMILNAOU. Voltronix, 21/4 First 
Floor. Narasingapuram Street. Madi,»s 600 002 Phone 77054 - TAMILNADU. VY Brothers, 5 Jayavimleshwar. Shree Nager s’ocielv 
Behind Dinesh Mills, Vododara 390 005 Phone 65324 — GUJARAT. 


Precision grade Polystyrene Capacitors, 
made under technical collaboration 
with PLESSEY Italia available 
from August 81. 

Kindly address enquiries to. 


The Marketing Division, 

Kothari Electronics and 
Industries Limited 

Kothari Buildings', 114, Nungambakkam High Road, 
MAD'^AS 600 034 




IDEAS AND INVENIIONS 


Doped plastic electrodes give 
lighter, efficient batteries 


A R l C H A K Cj K A B I. F b iU I C r V IS LI 11 
accumulator of electrical energy. The 
active chemicals, stored at its two elec¬ 
trodes, react electrochcmically to produce 
electrical energy directly. The recharge¬ 
able battery commonly known in our 
country is the lead acid battery. It is very 
heavy and provides quite a low specific 
electrical power output per unit mass. A 
type of battery now developed by Pro¬ 
fessors Alan G. MacDiarniid and Alan J. 
Mcegcr at the University of Pennsylvania 
in the USA {Chemical ami {.nfiinccnnj^ 
News, 59 4, 39) is also a rechargeable 
battery based on organic chemicals and 
uses a special polymeric material for its 
I electrodes. But it has been claimed that 
for the same weight it can store more elec¬ 
trical energy and deliver more p^iwcr, 
leading to light, efficient, rechargeable 
batteries. 

Electrodes for the new battery are made 
from stretchable films of polyacotylcnc 
doped with ions; the positive eiectrode is 
doped with the peichloratc ion (CK)") 
and the negative electrode with the Tetra- 
n-buiylammonium ion (n-BiuN'*'). The 
polymeric electrode films are doped by 
placing them in a solution of ictra-n-butyl* 
ammonium perchlorate (M-BuaNC’lOa) in 
a propylene carbonate medium and 
polarising them positively (anodically) or 
negatively (eathodically) with respect to a 
metal strip. The doping, the infiltration of 


the ions into the material, increases the 
electrical conductivity of the film by a fac¬ 
tor of JO*^ which brings it from its normal 
value in the semiconductor range to one 
comparable t») metals. Pairs of the tilm 
doped with the two ions arc (hen used as 
electrodes, with the organic compound as 
the electrolyte. 

During the charging iif the battery, its 
electrodes further pick up the respective 
ions and thereby store electrical energy. 
When a current is ni»w drawn fnim the 
battery, the ions arc released by the elec¬ 
trodes into the organic elcctiol>lc in 
.proportion to the ciincnl drawn. Unlike in 
conventional lead acid or alkaline bat¬ 
teries, however, no electrodiemieul reac¬ 
tion occurs in this battery. 

The Pennsylvania team, wt>iking with 
an organic battery with electrodes weigh¬ 
ing only 4 mg with one sq cm surlacc, 
reported that the battery has an open cir¬ 
cuit voltage of 2 5 \' and could piovidc 
22.2 mA current m a circuit ol minimal 
resistance This compares very well with 
conventional batteries of much higher 
weight which give 10 mA per sq cm at 2.0 
V. 1 he idea of organic batteries, therefore 
is well worth investigating. 

1’he organic rechargeable battery is an 
extension of the principle of an elec¬ 
trolytic capacitor with metallic electrodes. 
A capacittir discharges the in si a n- 
tancoiisly stoicd energy once the exter¬ 


nally applied voltage is removed. 'I'hc use¬ 
fulness ol the organic battery developed, 
as an energy source or in electrical cir¬ 
cuity, will, therefore, very much depend 
on its discharge characteristics. It should 
be capable t>l supplying a specific current 
at a fixed voltage. Its voltage should not 
change with time when a reasonable cur¬ 
rent is drawn from it. I'his would largely 
depend on the controlled release of the 
respective ions by the two electrodes 
without change in their potential. 

Further work is necessary before this 
interesting device can be turned into an 
industrially viable proposition and a .sub¬ 
stitute for heavy lead acid batteries. This 
would very much depend on the technol¬ 
ogy of producing stretchable poly- 
acctylcnc films with lequired strength at 
the working temperatures, which in India 
could vary from sub/ero to 45**C. Since the 
ions are to be picked up at all possible sites 
on the film, the tilm should have cxecllenl 
swelling eharacterislics so that as many 
sites as possible (ideally, each site) can be 
solvated with the eleelroly te enabling the 
ions to approach the maximum possible 
active sites. 

'rhough it is abundantly avadable in 
India, storage has always been a big piob- 
lem foi solar cncigy. Such light battencs 
may he very uselul m storing solar encigy 
anti electrical energy thrtmgli a phoio- 
cleclrie device. 

V G. GURJAR 

Dr Gurjar is Assistant Professor in the 
Department of Chemical Engineering at 
the Indian Institute of Technology. Bombay. 


Selenophenol can cut amine costs and 
reaction time 


SfiCONDARY amines arc required as 
intermediates in the manutacture of dyes, 
herbicides and rubber as accelerators, and 
ol explosives as stabilisers. In the current 
methods, the amines are prepared by 
reducing either the istmitnlcs or the 
important intermediates-- Sehiff bases. In 
each case, starting materials have to be 
derived and then reduced: the reactions 
have to be carried out in a number of 
steps. T'he chemicals have become highly 
expensive and easier methods w Inch could 
cut down the costs and the time of reac¬ 
tions arc desirable. 

Japanese scientists have recently come 
Up with just such a process (Tetrahedron 
letters, 21 35, p. 3385). They use a new 
reagent, selenophenol, to carry out 
reactions at room temperature without 
preparing tlic SchifI bases se|wately and 
show that the original ingredients 
them.seivcs— the carbonyl compounds 
and the primary oi secondary amines 


which can yield the Schiff ba.scs—mixed 
with selenophenol in an men atmosphere, 
particularly argon, can give amines with 
yields of 90 to 100 per cent at room 
temperature. 

The scientists find that the molar prop¬ 
ortions of carbtinyl compounds, the 
amines and selenophenol must be 1:1:2 5, 
respectively, with one ml of chloroform as 
solvent per one milli mole of the carbonyl 
compound. The reaction takes 10 minutes 
at room temperature. Isolating the reac¬ 
tion product is also simple. The final reac¬ 
tion mixture is treated with mineral acids, 
preferably hydiochloric acid. The hyd¬ 
rochlorides formed by the amines are eas¬ 
ily separated and this acid mass is then 
neutralised with sodium carbonate to get 
the amine product. 

The reagent was also found useful for 
the reductive alkylation of amines, but 
instead of alkyl halides, carbonyl com¬ 
pounds are used. This has the advantage 


that if alkylation of the amines is requited 
one has simply to add the necessary car¬ 
bonyl compounds in proper amounts 
directly to the final reaction mixiiire. (.)f 
course, this needs a greater amount id 
.selenophenol. 

Selenophenol is also U> be piefcrrcd 
over the common reducing agents like 
formic acid, formamide. boranc, btirane 
pyridine complex, sodium borohydride. 
and lithium borohydride because, 
unlike them, it does not leduce the other 
reducible groups like ester, nitrile and 
amide groups. Chloroform as solvent, 
however, showed one problem—a pre¬ 
cipitate may form in the mixture which has 
to be dissolved by methyl alcohol. But with 
other solvents like diethyl-elher, 
methanol or acetonitrile, either the yield 
drops or the reaction lime exceeds 10 
minutes. So far, therefore, chloroform is 
the best solvent for the process. Perhaps a 
mixed solvent will perform belter, but 
only further experiments can provide an 
answer. 

P. C. BHATTACHARYYA 

Dr. Bhattacharyya teaches chemistry at Vid- 
yasagar College. Calcutta. 





Hand-pumped compressed-air torch 


A HAND torch runs on \crv little power; 
typical values are ol the order of a tew 
waits. T his power is provided by tlry eells, 
which have to be replaced after they are- 
exhausted, or rechargeable cells which 
C4)nsumc electricity periodically. A hand 
torch has now- been designed by Mr. K. 
Seshadri ot Madras that dispenses with 
replacements and periodic consumption 
ot electiicity. 

the new torch, a patent application ten 
winch IS pending, uses human power. It 
runs on eompiesseil aii and a miniature 
dynamo run h\ an equally small turbine. A 
handpump compresses the air. 'Mie 
sehcmatie diagram below shows the vai’ 
loiis eornponenls. I he lefleetoi and the 
torchlight bnlh are m their usual place hut 
the bulb is now conneeted to one of ter¬ 
minals of a miniature dvnamo carrying the 
small turbine wheel or any other driving 
member capable ot being driven by a thin 
let ol eompiessed an. A duct or .lit pas¬ 
sage leails a jet ot air Irom the 
comprcsscd-aii tank on to tlie tinhinc 


REFLECTOR AND BULB 



Compressed-air torch The handpump builds 
up pressure in the air tank which can then 
run a small turbine-dynamo to provide 
electricity to the torchlight bulb 


blavles A maniiaily operated valve eon- 
irols the jet and cuts it ott when necessary. 
When air pressure in the reservoir falls, 
the ie(|uiied pressure can again be built up 
by a handpump very much like the one in a 
pressure si<ue A ''.itety valve is ,dsi» j>r*) 
vided lo jnoleel the lesurvon horn exees 
sive pressures. When the pi ess-button 
opeiatesihe valve on the an duct, the light 
bums and will eouinuie to do so as long as 
the . 11 ! lank is iindei suflicienl pie.ssine 

The deviee is ceil.iinly a leasihle fuop 
osition but whether it can heeorne prae- 
tieally viable or not will depend on a 
niimbei ot lactois. The volume o! the an 
tank will be tlie lust pioblcm that will have 
U> he tackled < )ii a loiigh ealeulaiion, .it a 
pressure of 2 kg per s(| cm, (about 2 
atmospheres), a 200 ev volume til ait is 
capable ol providing energy id luilv S 
watl-seeonds Is it then neves'-arv lo have 
such an el.iboiate eompicssiou mechan¬ 
ism' ! ven a IK wheel as light as 200 gm 
with a diainelci ot S cm ami spimurig at 
b.OOO iprn can deliver this amount o\ 
energy. Pcihajis the pnihlem <d extra 
spaci- to increase deliveicd energy could 
lx lackled In iiiercasiug pu^ssiue hut tli.'it 
will lead lo leakage problems. 

'ITu* aif turbine will have lo lun at a 
lairly high speed in the range ol H,000 to 
KhOOO rpm and the bearings would have 
to be very c ueliilly designed. TTie tin bine 
will lull slowct III pi(>fn)ttion .is the pies- 
Mi!i‘ 111 ifu :in t.ink falls and. aUuig with 
luibiiie eeaei iiid voltage will also 

!ali 

I lu- bi.st (.iMupiornise solution would 
seem lo Ih' tlu‘ use ol .i storage ileviee like 
the iiiekel-eadmium reeharge;ii'>le cells. 

I lieu, insicail ol eonimiioiis and direct 
ti.uid-piimping, the nickel-cadmium cell 
i.i>iild In' recivuged on the dvnamo m a 
Mucle sitcieli i)t pumping 

S KRISHNAMOORTHY 
A S MENON 

Dr Krishnamoorthy and Mr Menon are Pro¬ 
fessors in the DepnHment of Mechanical 
Enginwfing at the Victoria Jubilco Technical 
Institute Bombay 

Air cooled oil guns 

On.guns .lie used in pulvensed coal tired 
biiilers lo siart them up and to M.ibilisv the 
llaine at low lo.uls. lo pioieet them lioin 
the high tompoi.Uiire. they aie letiacted 
when not in use. Being placed lu iwccn the 
(,oal no//les, ilie ieiracting me^haiiKm 
makes that part of the hoilei a Citngesied 
mess, besides requiring a nijm!>er o! 
imported components. A simpler system 
designed h\ the Bharat Heavy Mcilrieals 
l.imiteil, 'riruchirapalli. docs away with 
ih.c m-fil lilt retractions atui sums im 
impoT leii Ciunpoiients. 

In the new design an is ciiculaicd 
around the gun tip through lins to improve 
the cooling etficieney. I he guns can then 
be le^t in place and initial tests toimd that 
the gun tip w.is s'»h)eet«'il t«» a li>v^ ei lenq)- 
cratu e than Ibr :v‘i*aclaln« ivpe A gun 


has .since been installed ti>i a 200 MW 
boiler and its performance coiilirnis the 
design parameters. I he cnirs per¬ 
formance is alsit expecleil to Ifc more reli¬ 
able since moving parts aie eliminated. 

p V paranjape; 

Mr Paranjape is on the pcIitonal staff of 

Sf IfNf.E ToC.At 

Composite tapes for 
lighter aircraft 

rIBKI composites .illow sauug in wt ighi, 
and weight is a crucial l.icliu in ail kinds ol 
aircratl. A machine designed and 
develojX’d at the National .A- touautKal 
|..iboriilory, Bang.dore, will manufaeturc ; 
unidiiectional compivsitc tape meeting ] 
internationaL standard^ and usetui in the 
iabrieatiiui ol lightei liclieopter blades 
anil various fighter airerafl components. 

I he compact machine is divaded info 
three /ones tor fibre storage, iiuprc- 
gnaiion and tirial reel-off. In the tirst /one 
glass libtes are stored at very low- temp- 
eraiiiies and relative humidity 

In the imjHegnation /one, an epoxy 
resm-hardener mixture is forced out by a 
peri-.ialiiic pump, wliuTi acts nuicli in the 
way our mlestiiies handle our food. 

Infrared healing lamps heat the 
impiegnaied fibre to make sure the resin 
wets the lihre completely 

In the recl-olt /one seveial idlers adjust 
the tension and liiction between pulleys 
and the snl| laekv tape, and finalK vvind 
the tape on to a spool. in!ersper'‘ing a lliin 
poKthene t.ipe to sep.iiale liie con¬ 
secutive layers tvlore IIk v v*iiu 1 on n> die 
sj’iool 1 he winding tape ineieases the 
efleetive iliamelei ot the sp<'nl ,jtul to 
maintain pantv between ihe sjiecd of 
meommg tape and the speed ot its being 
wouiul on the tape, liic nil ol! niotiu' 
speed has to be vaiied .leeoidiMglv 

P V.P. 

Silicon from paddy husk 

Amorphous siIk.i coni.iining mueh less 
ol impupties like bi>ion, aiseim, (m etc is 
verv hiefrly ['i ued and in great dnnand tt>r 
tile pioduelion ot high gieiie silh<Mi sint- 
,rblc tor solar cells .ukI ni.niv elceironiC 
devices Now ilu Centi.il I uel Resrarch 
Insiiiule itiRii liliaiil'id li.is cK’veloped 
iwi) piocessvs lo! e\ii:uMir i.ip'n gi.ule 
ainoFpfious siiic.i tion'. p,id{\ hu.' k. 

Ihidtiv hipk cout.iifis 2b lo 2."' pet 

cent .ish, b2 pei cent iil v. Ineh is sihc.i I he 
amorphous silica is si-jiar.iieil i>ul\ with 
ilitliciiliv from Ihe luunial blackish hurnl 
ash. One technique tlevcK'pcd at C l Ri now 
seleetivelv menieratis th.e noima! ash to 
caihon lice wluie .e-Ii at lerr.pei Mures 
t<*wei than se^ ood Iv, niicul 

levimique isolalis wliUi adMercidv liorn 
the p.iddy husk itself and also piodui'es a 
substantial quantity ot ovalu acid as a b\. 
piodiKl. helping I he pi'occ'^s becoiiu' nu'ie 
.ntiailive and ceorionuialiv vi.ibli 

P V f -> 




YOU need INDOTHENE 





IfJDOTHENE film cuts down 
seepage losses totally in canals 
and ponds. While saving you 
two-thirds on costs. 


•'ilm made from INDOTHENE, 
[PCL's low density polyethylene, 
las proved to be a highly efficient 
^ater barrier. At a cost tnat's 
lubstantially less than that of any 
3ther mode of lining. In addition, 
t’s easier to handle at site and 
:)ffers greater coverage during 
jhort closures. The film is 
available in widths of up to 
14 meties. In any thickness you 
desire. And in any quantity 
^ouneed. __ 





^DOTHENE pipes and tubings 
elp you irrigate more areas, 
ifhile using less water than ever 
efore. 

MDOTHENE can drastically 


revolutionise methods of 
agriculture in India. Consider 
drip or trickle irrigation, fc 
instance. Here, water is cauiod 
via pipes made of INDOTHENE 
and applied directly to the roots of 
individual plants. Thus delivering 
the right amount of water to satisfy 
the plants' needs And preventing 
water wastage, m the process. 
Another example is the Krishi 
hose—a coll.i[>.rible lay-flrit tubing 
that can be unrolled from point lb 
point, carrying water wherever 
it is needed. 

INDOTHENE film actually 
increases yield. While it protects 
your crops against damage. 

Film made from INDOTHENE 
has immense poteniinl 
in agriculture. For example, 
nursery bags made of 
INDOTHENE him are ideal for 
nourishing nursery plants with the 
minimum amount of fertiliser 
and water, Rping ca.sy to handle, 
these nursery bag.s also facilitate 
transport and transplantatioii. 
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ArioDier case in pomt is mulching. 
Its mam effect being to reduce 
water loss by evaporation, thus 
improving the quality of yield. 
Greenhouses, tunnels and. 
cover bags are other examples 
of INDOTHENE’s versatility. 

INDOTHENE film keeps your 
foodgrain safe inside. 

While keeping moisture and 
pests outside. 

The Pusa Bin is a testimony to the 
efficacy of INDOTHENE film. Easy 
to construct and inexpensive 
to make, the film provides a highly 
efficient method of foodgrain 


storage right at the farmers' lev 
Once embedded between the 
inner and outer walls of mud-bric^ 
bins, the film ensures that neitbei 
insects nor moisture can get in-*.;; 
and also seals in a carbon dioxidjl 
rich atmosphere: just the 
ideal condition for the grain 
to stay safe for seeding and , 
consumption. Even large 
structures, like CAP covers. -I 
can be made with INDOTHENE | 
film. Because it is available in a '| 
vanety of widths and thicknesseiu 
Trust IPCL to provide the perfect 
answer to your storage probleml 





IPCL for INDOTHENE 

INDOTHENE is available in 
plenty from IPCL, India’s largest 
petrochemicals complex. A teaixi 
of experts are on hand to guide 
you in selecting just the right ty; 
of film. Whether it is for water 
management, foodgrain storage 
or agricultural applications... 
talk it over with IPCL. 

f-ot mort) information, contact 

Marketing Diviaion 
Indian Patroehamicala 
Corporation limitad 
(A Govi. of India Undertaking) 

P. O Petrurhnniicala 

Dtat VADODARA 391 346 Guiarat 

Raoional/Salaa Officas: 

Baroda Salaa Office 
Sector It 

P. 0. Palfochemicali Towinahip 

Diet. VADODARA 391 345 

Air-lnriia Puilriing 

19th floor. Nariman Point 

BOMBAY 400 021 

Ralla Ram Building 

70, Miaaion Road 

BANGALORE 660 07 7 

Challerjee International CAniie 

3rd Floor, 33'A, CltowringheB Road 

CALCUTTA 700 071 

Himalaya House. 2nd floni 

23, Kaslurba Gandhi Marg 

NEW DELHI 110 001 

Ludhiana Centre. 

Red Crass Bhavan. 1si floor, The Mali, 

Ludhiana 141 001 

IPCL for 




Will monsoon prediction 
be easier now? 

P, K. Das 

Mathematical models of the monsoon should assist 
in forecasting rainfall accurately 


A n inicrnationa! Monsiion Fx- 
pcrinu-nt (MonlXi was con* 
dueled ovw-r the Aiabiaii Sea. the 
Bay ot Bengal and the adjoining 
areas id the Indian Ocean in the 
summci of 1979, It was organised by 
the World Meteorological Oiganisa- 
lion (VVM(M and the Inlernationai 
C’ouikil of Seienlifie Unions (K'snas 
a siibpfogianiine of a larger experi* 
nu lit the (riohal Weather Fxpen- 
niein. Wh.tl dul the expeiimcnl set 
out to do and v\h*it were its aehieve- 
ments/ It •shonkl be emphasised that 
MONI \ Was not expected to provide a 
coinplfU’ nude I standing of the sum* 
mei monsoon. It was an one-time 
exeoose iii data collection, and its 
ohjevO\e was to piovide a data base 
for iindier lesearch. 

I he inonvuni is gcneiated hv the 
same t\pe of eondnions that protiuee 
land .liid sea biee/es, namelv, un¬ 
even heating ol the land and the sea. 
rikie IS a difference in the way the 
land and ihe sea resporul ti' solar 
heal Ihe land surface warms up 
i.^padls, because the heal that it 
iv\ j!\Ls lemauis near the surface and 
\\i\ liiile IS able to penetrate more 
lha.n a lew ecnimietres through tfie 
MMi (\>nse(|uentl\. the temperature 
ol ii,e land, surface and that ot the 
oveihmg. air uses. On the other 
hand, sola! i.idiation can penetrate 
to Dineh greater depths in the sea 
b;.‘. aiise «d eoiucclion in the water 
Ihis uiahles ihe Suns energy to 
ihrongh a greater dcf'lh. 

Ilk waim air above the land rises 
and a; some height the air flows out 
lo liu sea. I'o replace the rising an 
' V. 1 Kind, a luee/e flows in from the 
cool. ! SI, .1 to the land, which makes 
tlu c.'..isial aieas cool and pleasant on 
sjM'iiivj] afternoons, 

\{ the land cools off much 

lasiei dian the sea. (’onsec|iientIy. 
winds blow in a reverse direction 
l;om tfie land to lire sea. I his evele ot 
e\cs-ls IS shown in a simplified man¬ 
ner in Figures 2 and 3. 

I hese da\ and night phenomena 
have dku analogues in summer and 
winiei monsoons In summer, the 
iioj'k'- jceeive more heal iiom the 
Sun. I lie iieated tiopieal air rises and 
Movss to the south ot the heated land, 
tlieii is a Luge return cuirent from 
the sea In the land to compensate for 
tlic using air I'his is the situation in 


June when the Sun’s heat is most 
intense over the semi-arid zones of 
northwest India and West Asia. Fhe 
summer monscxin represents the re¬ 
turn flow from the sea lo the land in 
the form of a large daytime sea 
biceze. Its duration is a hundred davs 
from the first of June to mid- 
September each year. Some years 
ago, a few scientists felt that the 
origin of the summer monsoon was 
entirely in the northern hemisphere. 
But, as a result of MONt X, we now 
know that this is not true. The 
traicclories ol lialhums that were 
released b> I ranee during MONrx 
from Sevehelles and Diego Ciareia 
indicate that Ihe origin ol the mon¬ 
soon was in the southern hemis¬ 
phere In fact, one of the balloons 
was driven by monsoon winds from 
Seychelles to Burma. 

Similarly, in winter, there is a flow 
from the land lo the sea. which 
corresponds lo the night cycle of the 
sea bree/e. In India, this is repre¬ 
sented by the winter monsoon. It is* 
responsible for giving us rain over the 
southern parts ol peninsular India in 
the winter season, that is, irom 
November to March. 

A cjuestion migfit well be asked; if 
It was tinly a differenee in warming 
between the laud and the sea, w'hy 
don’t we observe monsoons wher¬ 
ever a large pitxe of land is siii 
rounded b\ the sea‘^ 



Fig.r Launching a dropwindsonde 



There arc two important aspects to 
be considered here. First, the intensi¬ 


ty of solar radiation must be large 
enough to make differential heating! 
between the land and the sea suffi¬ 
ciently pronounced. This only hap¬ 
pens in the tropics. Second, there 
must be extensive regions of land and 
sea where diifereniial healing is of. 
sufficient duration to generate mon- 
soonal winds. Although monsoons 
are known over certain regions ot 
West Africa and Southeast Asia, the 
most pronounced inonsoonal system 
IS the one that affects India and 
adjoining parts of Asia and Africa. 
Despite its similarity with the sea 
breeze, the path of monsoonal winds 
is more complicated. When w'c con¬ 
sider the movement of air on a large 
.scale, we need to take into account 
the rotation of the Earth and the 
retarding influence of friction as the 
air flows ovei the land and sea. 


Forces that drive the monsoon engine 

I his simple description ol mon¬ 
soonal winds allows us to identify the 
important forces that drive the mon- 
sotm engine. I'he first, and perhaps 
the truest important, force is con¬ 
cerned with solar radiation. When w'c 
consider Ihe radiation balance of the 
Earth-atmosphere system, two im¬ 
portant components stand out. One 
is the tlownward solar radiation from 
the Sun in the short wavelengths 
between 0.2 and 4.0 microns. 'I'hc 
other is the terrestrial radiation emit¬ 
ted by the Earth's surface, between 
200 arul 330 degrees K and within the 
limits of 4.0 and SO.l) microns, 

Radiational cooling or warming of 
a slab of the free atmosphere is 
measured by the difference between 
the downward solar radiation and the 
upward terrestrial radiation. Unfor¬ 
tunately, it is not simple to evaluate 




this difference; because both the 
incoming and outgoing radiation are 
depleted, and modified, by consti¬ 
tuents of the atmosphere. The prin¬ 
cipal atmospheric constituents which 
absorb energy from solar and terrest¬ 
rial radiation are water vapour, car¬ 
bon dioxide, and ozone. In compari¬ 
son with other atmospheric consti¬ 
tuents, ozone, and therefore absorp¬ 
tion by ozone, is largely confined to 
the stratosphere. The stratosphere is 
the region above lb km in the atmos¬ 
phere over Indian latitude. 

Three other features are important 
for the monsoon. The first is the 
distribution ot clouds. Clouds not 
only reflect solar radiation, but also 
emit longwave radiation like the 
Earth's surface. Second, a good part 
of the solar radiation is scattered by 
large aerosols and dust particles. This 
is important for the semi-arid parts 
of northwest India and the countries 
of West Asia, because the atmos¬ 
phere carries a heavy dustload over 
thc'ic regions. It has been estimated 



1 _I —<— I_I— j. . . k _I— 

- 8-6-4-? 0 ? 4 6 8 

*^0 per day 

Fig.4 Vertical distribution of heating rates 
m per day over Saudi Arabia This is for a 
morning ascent at 8 00 A M local time on 
\2 Mav 1979 A—Short wave. B—Long 
wave C—Net heating rate 

The figures in the ordinate represent pres- 
v.ure in millibars (mb) Note that the net pro¬ 
file (C) shows a cooling between 900 and 
vlOO mb (1 0 to 9 0 km> 
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Fig.5, Same as m figure 4 This represents 
an aMernoon ascent at 2.00 PM local time on 
9 May. 1979 The figures on the ordinate 
represent pressure m millibars (mb), while 
the abscissa proVides heating rates in per 
day The net profile (C)shows a warming 
between 750 and 400 mb (2 5 to 7.5 km). 


that for cfvery square mile of north 
India, there are about 5.5 tonnes of 
fine dust particles su.spended in the 
air. Last, the reflective properties of 
the land and the sea have an impor¬ 
tant feedback on the radiation ba¬ 
lance. The reflecting power of the 
Earth's surface is known as its albe¬ 
do, and il varies widely over the 
entire monsoon regime, (generally, 
desert sands or snow-covered moun¬ 
tains arc much more reflective than 
wet soil or the sea. 

Observation techniques 

Ma.ny observational techniques of 
MONhX were novel, to which Indian 
scientists were exposed for the first 
lime. This experience will be useful for 
future work. 

In May 1979, as many as 52 research 
ships were deployed over the tropical 
oceans between latitudes 1I)"N and io'’S, 
while 104 aircraft missions were success¬ 
fully completed over different parts of 
the Pacific, the Atlantic and the Indian 
Ocean duiing the same period. 

The main contributions to MONFiX 
were: live lescarch ships from the 
USSR; three civilian research aircraft 
from (he USA: four research ships and 
one aircraft from India; and one re¬ 
search ship and a programme for 
monitoring winds with constant level 
balloons from France. In addition, the 
US moved one of its geostationary 
satellites (fOi s Indian Ocean--to a 
location on the equator at 60"!: to cover 
the .vfONi X region, (loi s is an acronym 
for «i (icoslationary Operational En¬ 
vironmental Satellite, and the Indian 
Ocean was its location during MONKX 
Now that MOM \ is over, it has been 
moved to another location. Cloud clus¬ 
ters-that were recorded by this satellite 
were beamed towards Bombay by 
MUFOsAi another geostationary satel¬ 
lite launched by the European Space 
Rcseaich .Agency. By tracing clouds, 
one could deiive a complete picture of 
the monsoon winds. 

The experiment lasted from 1 May to 
31 August 1979. In these 123 days, 4b 
scientific missions were flown by IIS 
airciaft tor the Arabian Sea and the Bay 
ot Bengal phases of the experiment. 

' The aircraft were equipped with drop- 
witidsondcs, This is an instrument pack¬ 
age which is released from the aircraft. 
A tiny parachute attached to this pack¬ 
age enables it to descend slowly. The 
insirumcnis record temperatures and 
winds over different layers of the atmos¬ 
phere during the descent. Figure 1 
shows the release of a dropwindsonde 
dunng MONF X. 

Research vessels from the USSR 
lorrned moving polygons over different 
parts of the Indian Ocean, the Arabian 
Sea and the Bay ot Bengal. 'Phey 
provided us with valuable observations 


For many years, the balance be¬ 
tween the incoming and the outgoing 
radiation was imperfectly under¬ 
stood. But, during MONEX we had 
observations of tne incoming and 
outgoing radiation by instrumented 
aircraft over different layers of the 
atmosphere. Figures 4 and 5 show 
two profiles of radiative temperature 
changes over Saudi Arabia as 
observed by US aircraft. The first is a 
typical morning profile, while the 
second refers to th e afternoon. One 

by probing the atmosphere with bal¬ 
loon-borne equipment and meteordlo- 
gical rockets. 

For the first time, Indian ships were’ 
equipped for measuring the upper 
winds. This was achieved with the help 
of omegasondes. An omegasonde is a 
balloon-borne equipment package. It 
uses an international navigation system 
based on the intersection of radio 
beams on very low frequencies to track’ 
the path of a balloon. The movements 
of the balloon provide a measure of the 
speed and direction of upper winds. 

An Indian aircraft was used for the 
first time in India for conventional 
metei’irological observations over the 
monsoon regime. The equipment on the 
aircraft were assembled in a short time 
'and, despite difficulties, many observa¬ 
tions were recorded or the structure of 
low pressure system that generates 
rainfall. 

Important contributions were made 
by the Indian .Space Research Organisa¬ 
tion (iSRO) towards MONEX Indian sci¬ 
entists were able to begin work on an 
indigenous version ot the omegasonde, 
which will be soon used on the 
Gaveshani, a research vessel belonging 
to the National Institute of Oceano¬ 
graphy. 

An International monfa Manage¬ 
ment C entre (IMMC) was set up in New 
Delhi to supervise the monsoon experi¬ 
ment. A number of scientists from 
different countries worked at this centre 
for research on monsoon dynamics. 

rhe centre has published 14 volumes 
of prc-checked monex data. The final 
form of the data are likely to be ready 
by the end of this year. 

Afterthe field phaseof theexperiment, 
Indian scientists were deputed to diffe¬ 
rent monsoon lands to personally col¬ 
lect the data that were recoided by 
various national meteorological ser¬ 
vices. As of today, 45 countries have 
sent their data to the IMMC. They are 
now being checked for internal consis¬ 
tency and unilormity before they are 
published. I’hc entire volume will con¬ 
sist of over a hundred million coded 
characters. Computer programmes 
have been devised by Indian scientists 
to convert these characters into proces¬ 
sed meteorological information. 

R K, D. 





in these systems. The existence of 
such large temperature gradients Was 
not known before. 

How do these rain-bearinj; systems 
help to drive the monsoon engine? 
I'hesc systems generate rain wmich, 
in turn, releases laigc amounts of 
latent heat into the atmosphere. This 
latent heal helps to drive the mon- 
soon circulation by generating wave- 
likc disturbances that produce kinetic 
energy ol motion. A striking feature 
of the IW monsoon was the sudden 
and abrupt increase in the kinetic 
energy of the atmosphere at the lime 
of the monsoon onset over Kerala. 
Scientists are now considering sever¬ 
al mechanisms which might produce 
the observed increase in kinetic 


of them shows a general cooling of 
the atmosphere from 9(K) to 3()() mb 
(approximately from I to 9 km), 
while the other is indicative of a 
warming atmosphere from 750 to 400 
mb, that is, from 2.5 to 7.5 km. In 
addition, the radiation measure¬ 
ments over India revealed an in¬ 
teresting feature ol the outgoing ter¬ 
restrial radiation. An inverse re¬ 
lationship was discovered between 
the intensity of outgoing radiation 
between the lower atmosphere (sur¬ 
face to () km) and the middle 
atmosphere (6 to 12 km). Clearly, 
there are wide variations m the radia¬ 
tion balance, and one is tempted to 
ask: what is the impact of such 
variations on monsoon winds? 

Mountains constitute another 
force that drives the monsoon cn- 
fiine. Large mountains lend to de¬ 
flect the wind, so that they flow 
round them instead of over them. 
There are several mountain ranges, 
such as the Ethiopian mountains, the 
mountains of Burma, the Western 
Ghats and, the largest in the w'orld, 
the Himalayas, which come in the 
path of the monsoon w inds. They not 
only help to deflect the winds in 
certain directions but, what appears 
to be more important, guide rain¬ 
bearing systems, such as depressions, 
along certain preferred tracks. The 
exact mechanism by w'hich this is 
brought about is not well under¬ 
stood. 

The third component is the 
troughs and depressions. I’he mon¬ 
soon is not un-inlerrupted rainfall for 
hundred days. 'I'herc arc y^clls of 
heavy rain over the Indo-Ciangetic 
plains, followed by periods of lean 
rainfall or “breaks’' in the monsoon. 
The sci^uencc of heavy and lean 
rainfall is closely associated with the 
north-south movement of an elon¬ 
gated zone of low pressure, which 
runs parallel to the southern 


periphery of the Himalayas. 
Meteorologists call it the monsoon 
trough. In Figure 6 we show its 
normal position in the monsoon 
month ol July. The northward shift 
of the monsoon trough leads to the 
cessation of rains over north and 
central India. During the period of 
“break’', the rain belt moves abrupt¬ 
ly to the extreme northeastern parts 
of the country, while the rest of the 
country remains dry. 

Of the other principal meteorolo¬ 
gical systems, which cause short 
period variations in rain, mention 
may be made of depressions in the 
north Bay of Bengal; mid- 
tropospheric low pressure systems, 
located between 2 and 6 km, off 
Gujarat; and off-shore vortices off the 
west coast of India. Monf.X gave us 
data on the wind and thermal struc¬ 
ture of these systems. In particular, 
the Indian aircraft data showed sub¬ 
stantial temperature variations with¬ 


energy. 

Some scientists believe the onset of 
the monsoon and the flirmalion of 
depressions or mid-lropospheric low 
pressure systems arc manifestations 
of atmospheric instability. The condi¬ 
tions that enable an atmospheric 
disturbance, such as a travelling 
wave, to grow and transform itself 
into a large circular vortex, which has 
the structure of a depression, arc 
now known. In broad terms, these 
conditions place certain constraints 
on the horizontal and verticai varia¬ 
tion in the strength ol prevailing 
winds. If the horizontal and vertical 
wind gradients exceed certain critical 
values, then a travelling disturbance 
would have the wherewithal to ex¬ 
tract energy from its surrounding 
environment, and grow into a circu¬ 
lar vortex. But, while we know, 
broadly, the conditions that are 
necessary for instability, we do not 
know whether they are sufficient by 
themselves 

Meteorological scientists have 



Fig. 6 Normal position of the monsoon trough in July Full lines represent lines of equal 
pressure (isobars). Pressures are expressed in millibars (mb). The dotted lines show the 
normal position of the trough axis. Areas of low and high pressure are indicated by "L ” and 
“H" respectively. Latitudes are indicated on the ordinate, while longitudes are given on the 
abscissa 






claitned that a decrease in the vector 
difference between winds in the up¬ 
per and lower atmosphere is a condi¬ 
tion for the formation of monsoon 
depressions in the Bay of Bengal. It 
is easy to see why this is so, because a 
reduction in the vector wind differ¬ 
ence favours the formation of clouds 
and vertical convection. We can thus 
stale that this is one of the necessary 
conditions for depression formation. 
But can we claim that it is sufficient? 
Clearly, we cannot, because there 
several other factors are also in¬ 
volved, such as the vertical and hori¬ 
zontal temperature profiles o1 the 
atmosphere. Depending on which 
factor is predominant, a depression 
could form even when there was no 
marked decrease in vector winds 

A word of caution would he in 
order, therefore. Manv scientists 
lend to pick upon stray features and 
lay claim to a “discovery", when a 
complete explanation needs a de¬ 
monstration of not only the necessity 
but also the sufficiency of an 
observed relationship. An example is 
concerned with a defrease in the 
vector difference between upper and 
lower tropospheric winds prior to the 
formation of a depression. A careful 
examination reveals that while I his 
condition is necessary, it is not suffi¬ 
cient, because depressions do not 
form even when this condition is 
satisfied. Hence its predictive value is 
rather limited. 

Air-sea interactions are another 
force Earlier experiments had iden¬ 
tified the existence of a narrow 
stream of strong winds at low levels 
off the coast of East Africa. This is 
now known as the Somali jet. There 
seems to be a coupling mechanism 
between the low level Somali jet and 
a zone of coastal upwelling off Soma¬ 
lia. Oceanographic observations dur¬ 
ing MONIlX indicated that cells of 




F ig 7 Idealised initial state, al three pressiire levels of the atmosphere (surface 500 and 300 
mb) Arrows indicate wind direction, while figures represent normal values of temperature 
(°K). Trie scale of wind speed is indicated by an arrow at the bottom m metres per second 
Note that initially we assume winds flowing from west to oast upto 500 mb Southward of 
25«N. the direction o1 wind flow is reversed at the highest level (300 mb) The reversal of wind 
direction is a typical feature of monsoon winds 


extremely cold water lend to move 
along the coast from the south to the 
north. I’hcy suggest the propagation 
of wave-like disturbances on ihe 
surface waters of the sea. A cold sea 
tends to extract heat from the over- 
lying atmosphere, while a warm sea, 
off the west coast of India, lends to 
supply heat to the air above. Tins 
process of exchange must influence 
the air as it traverses the Arabian Sea 
before striking the Indian coastline. 

Indeed, MON EX observatiims re¬ 
veal a temperature inversion- an 
atmospheric layer where the tcmpei- 
aturc rises. instead of falling with 
height—over the western sectors ol 
the Arabian Sea. This tends to 
inhibit cloud formation but as we 
approach the Indian coast the inver¬ 
sion is gradually wiped out. and 
strong convective, activity becomes a 
prominent feature. 

Mathematical models 

A powerful tool is now beginning 


to emerge tor understanding the be¬ 
haviour of the monsoon. This* is 
based on mathematical models to 
simulate the monsoon. I hese modejis 
use the law that govern the motion of 
a fluid, such as air, when it is 
subjected to external lorces. The 
response of the fluid to different 
tornis ol heal exchange, that is, 
between the land (»r sea and the 
overlying air, oi through the release 
of latent heat, is incorporated in the 
model by the lirst law' ot thermo¬ 
dynamics. The lirst law of thermo¬ 
dynamics is essentially a statement of 
conservation of eneigy. What the 
model asserts is that any variation in 
the energy ol a parcel of air that may 
be brought abiuil by a transformation 
during its ti averse over land and sea 
must be equal to what it receives 
from its environment. It, for exam¬ 
ple, through the conversion of water 
vapour to rain a certain amount of 
latent heat is released m the atmos¬ 
phere, the model will transform this 







What did MONEX reveal? 


Some years ago there was a controversy 
about the origin of the monsoon. Many 
Mientists felt that there was very little 
by way of movement of air from the 
southern to the northern hemisphere. 
The observations during monex did not 
support this view. In fact, the trajector¬ 
ies of balloons that were released by 
France from Diego Garcia and from 
Seychelles in the southern hemisphere 
clearly showed that they were driven by 
the monsoon winds right across the 
equator towards the Indian coastline. 
These balloons had a built-in device, to 
ensure that they always flew at a con¬ 
stant altitude. One of the balloons 
released from Seychelles could be 
traced right up to Burma. 

The main observational findings. 

Onset of mons(K)n: The onset of the 
monsoon in \97*) was delayed by over 
ten days. Monex data suggest that this 
was caused by .a pronounced clockwise 
circulation of winds over the southern 
parts of the Arabian Sea. This made the 


winds blow parallel to the Indian coast¬ 
line in a north-south direction. In a 
normal monsoon, the winds should 
have been hitting the coast in a perpen¬ 
dicular direction blowing from the west' 
to the east. The data reveal that, 
simultaneously with the onset, there 
was a sudden and abrupt increase in the 
kinetic energy of atmospheric winds. 

Rain-bearing systems: The main rain- 
bearing systems of the monsoon are 
depressions in the north Bay of Bengal, 
middle atmospheric low pressure sys¬ 
tem over Gujarat, and off-shore vor-' 
tices. The data recorded by Indian 
aircraft showed substantial horizontal 
temperature variations within these sys¬ 
tems. The existence of such large tem¬ 
perature variations *was not known 
before. 

Vertical distribution of radiative 
warming: The vertical distributton of 
radiative warming was measured for the 
first time by research aircraft over 
several sectors of the monsoon regime. 
The data suggest that rapid and fre¬ 


quent changes occur in the radiation 
profile during the monsoon, depending 
on the distribution of clouds. The ter¬ 
restrial outgoing long-wave radiation 
was measured over several Indian sta¬ 
tions by radiometersondes. The data 
reveal an inverse relationship in the 
intensity of outgoing radiation between 
the lower atmosphere (surface to 6 km) 
and the middle atmosphere (6 to 12 
km). 

Upwelling off the coast of Somalia: 
Earlier experiments had identified a 
region of coastal upwelling off the coast 
of Somalia in East Africa. Oceano¬ 
graphic observations during monex 
indicated that regions of extreme cold 
water tend to move from the south to 
the north in the form of .small cells. 
They suggest the propagation of wave- 
likc disturbances on the surface waters 
of the sea. The coupling mechanism 
between a low-level jet stream off the 
East African coastline. and the move¬ 
ment of such waves is currently being 
investigated. 

P. K. D. 


additional energy into the energy of 
motion. The advantage of a model is 
that it enables one to perform 
control experiments on the atmos¬ 
phere. One could study, for example, 
what would happen to monsoon rains 
if there was largescaie denudation of 
forests, or if the Arabian Sea was 
much warmer than usual. 

The aim is to construct an artifi¬ 
cial monsoon—a model—which is 
sufficiently close to the natural mon¬ 
soon. Unlike the natural monsoon, 
however, one can deliberately 
change the forces that control the 
model monsoon, such as si^lar radia¬ 
tion and topography. By this means 
scientists arc utilising MONEX data to 
gain an insight into the physics of the 
monsoon. 

In India, a beginning has been 
made in the,study of the impact of 
topography and solar radiation. A 
model has been designed which starts 
with an idealised initial state (Fig, 7). 
This is a system of winds flowing 
from the west to the cast, but with a 
reversal in the direction of flow' at 
around 5 km. Fhis reversal is a 
common feature of the Indian mon¬ 
soon. Temperatures that arc typical 
of the monsoon atmosphere are 
shown in this figure. We now disturb 
the initial state by inserting mountain 
barriers. The response of the model 
is then computed on a computer by 
integrating a system of mathematical 
equations. After eight days of simu¬ 
lated time, the model response 
obtained is shown in Fig, 8. The 
interesting feature to note is that the 
mechanical offect of mountains is not 
sufficient to generate a monsoon 


trough. Next, in addition to moun¬ 
tains, we add (i) downward solar 
radiation, (ii) soil rellcctivity, (iii) 
reflected radiation from clouds, and 
(iv) the vertical profiles measured 
over Saudi Arabia. The model re¬ 
sponses after eight days are shown in 
Figs. 9 and 10. The first figure refers 
to the morning radiatii>n profile, 
while the second one corresponds to 
the afternoon. 

Two interesting features stand out:* 
first, we see that by including radia¬ 
tion in our model, wc can reproduce 
the monsoon trough and, scct)nd, the 


orientation of the trough is sensitive 
to the radiation profile over Saudi 
Arabia. This is an interesting result 
because it suggests that better predic¬ 
tion of short-term (five to seven 
days) rainfall variation might be pos¬ 
sible if wc monitor radiation profiles 
more frequently. 

Mi)dcl development with MONLX 
data is still in its early stages though 
the results must be interpreted with 
caution, because tlicrc arc inherent 
model limitations. .Some ol these 
limitations arc mathematical, be¬ 
cause anaivtical solutions to the com- 
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Fig.8 Model response after eight days with only mountains Full lines represent isobars, 
while figures represent pressure in mb The dotted line indicates the Himalayan barrier. 
Areas of low and high pressure are indicated by "L and H ' respectively. Note the 
formation of a low pressure zone eastwards off north Burma. This resembles the low 
pressure area off north Burma in figure 6, but the model fails to reproduce the monsoon 
trough of figure 6 





Fig. 9: Model response after eight days with not only mountains, but also the morning 
heating profile over Saudi Arabia shown in figure 4. Note that the model is now able to 
reproduce the monsoon trough shown in figure 6 The low off north Burma is also evident 



Fig JO. Model response alter eight days with not only mountains but also the afternoon 
heating profile over Saudi Arabia shown in figure 5 Note that the monsoon trough is now 
very weak. The low off north Burma is displaced far loo the east 


plex system of equations which 
govern atmospheric motion are not 
possible. The model tries to find 
numerical solutions to these equa¬ 
tions by approximations. In view of 
the limited computing facilities the 
resolution of the model needs im¬ 
provement, and many phenomena, 
on smaller space scales, are ignored 
by the model. Despite difficulties of 
this nature, it is reasonably certain 
that progress towards an understand¬ 
ing of the dominant factors of the 
monsoon will require new models, 
with increasing physical and mathe¬ 
matical complexity. When questions 
are raisicd about the wisdom of large 
scientific experiments, such as 
MONEX, it is well to remember that 
without MONEX data we could not 
have constructed meaninpful models. 
And, without modelling experi¬ 
ments, we can hardly hope to im¬ 


prove our understanding and predic¬ 
tion of the monsoon ram. 

Long-range prediction and inter¬ 
annual variability 

The 1M79 monsoon was an abnor- 
mal one; rains stopped suddenly 
around mid-August, almost a month 
before the normal date of monsoon 
withdrawal. The arrival of the mon¬ 
soon was also delayed by nearly ten 
days over Kerala. Monex was thus 
.instrumental in focusing attention of 
deficient monsoon conditions. 

This leads one tc the question ol 
inter-annual variability of monsoon 
rain. Why is rainfall plentiful in some 
years and deficient in others? I oday, 
we do not have a really satisfactory 
answer, but several possibilities arc 
being explored. 

One possible avenue lies in the 
detection of meaningful periodicities 


in monsoon rain. But so far only one 
oscillation has been detected which 
appears to occur with some regular¬ 
ity. I his is a 26-month cycle, quasi- 
biennial, in the strength of stratos¬ 
pheric winds over the tropics. 
Attempts arc being made to associate 
the ascending and descending phases 
of this cycle with the monsoon's 
performance, but firm results are as 
yet difficult to discern. 

Meteorological teleconnections 
are now attracting attention. By this 
we mean statistical associations, in 
space and time, between widely .sepa¬ 
rated events. Sir (iilbert Walker 
postulated in 1924 a “southern oscil¬ 
lation”. This suggests an inverse cor¬ 
relation between the behaviour of 


How hard will it rafii ‘ 
this year? 

AccoRDkNCMo the fom^ ’ 

worked oat by the 
Department,. there is a four to 
chance that the June-September 
s(K)n rainfall will be favourable, 
percent above normal,.fhVyearv 
Forecastsofseaaonattaijqifoil^^^ 
be worked 

they are ii^ortaht where' 
varies ccmsiderably ,ffDm. year 
All such areasin India am^graiupiMlJf^^ 
.two regionsr—the Peninsula ahd Noi^h^fr 
west India. The Peninsula,is,, 
comprise Maharashtrh,- Cujargt 41 % 
Madhya Pradesh, coastal 
esh, Tetangana /(ill Andhrii 
interior Karnamia (north), 

Karnataka, excluding South K^ara d^' 
trict. The otbef region, 
is taken to comprij^ 

Kashmir, western Uttar Prai^hVl^ry'*^ 
ana, Punjiab^ Himachal Prifideahir 
Chandigarh and Rajastham ' . • A' 
The statistkal method 
shows that the 198! 

India will lie between 97 per ^^a[| 

112 per cent of the normal in , 

sula and:between 97 percent and. 117:' 
per cent in Northwest Incda. 
statistically correlates monsci^ 
and some preceding 
tures in various parts of the 
foreca.st was based on the equatonai} imH 
the South American pressures ip. 
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(and the final ^ end 
whkh^wiU lake kiio aep^ 
data and put oiit a 

rate forecast-’ 
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atmosphere aver the eastern 
^ ;Pacific and India, Indonesia and the 
tropical parts of Australia. Some 
evidence has been recently produced 
to support this association, but its 
cause IS still not understood. One 
possible mechanism might be the 
‘ existence of cells in atmospheric 
circulation which are oriented in an 
east-west direction. They could be in 
the form of largescalc standing 
waves, representing longitudinal per¬ 
turbations. What excites these per¬ 
turbations is not yet known. 

We started with the question, what 
. did MONEX set out to do and what did 
it achieve? Looking back on the past 
couple of years, we see many positive 
; results emerging from this experi¬ 
ment. New observational techniques, 
i such as' omegasondes, were de¬ 
veloped and used for the first time 
over India. The frequency of routine 
conventional observations was in¬ 
creased and data were obtained for 
:! the first time on several new features, 
such as radiation. New platforms 
such as aircraft and geostationary 
satellites were used. 

Indian scientists were able to de¬ 
vise computer programmes for hand¬ 
ling very large volumes of data. 
Quality control checks were de- 
, signed, and the data were put in a 
format suitable for research. 


another monex, or a series of furtner 
experiments on different aspects of 
the monsoon. 


A iwginning Was tni^ towar^is spacft-<!ould 
Utilising the data for monsoon mod¬ 
els. Diagnostic studies with these 
models are now helping us to ascer- 
taiawhat are the dominant features 
that control monsoon rain. More 
research will be needed in the next 
few years towards developing better 
models, with more built-in physics 
and input data. It is essential for such 
research to continue, if we are to 
improve our prediction capability, 
especially on larger scales of time. 

The importance of monsoon pre¬ 
diction may be realised when we 
note that, with a good monsoon, our 
current annual cereal production is 
around 135 million tonnes. To main¬ 
tain the current level of nutrition, we 
will need to achieve a figure around 
2(K) million tonnes arouiid At) 2(MK). 

The task ahead is going to be diffi¬ 
cult, but not impossible. It will be¬ 
come easier if wc could anticipate a 
spell of deficient rain or a lean 
monsoon. For this purpose, more 
diagnostic studies arc needed. 

Lastly, MONEX provided us with a 
good example of international col¬ 
laboration m which India played a 
leading role. Within the next few 
years India will launch an ambitious 
programme in space meteorology. It 
IS not unreasonable to expect that 
the benefits of our programme in 




Dr. Das is Director- 
General of Meteorology, 
and Director of the 
International monex 
Management Centre in 
New Delhi. He special¬ 
ises in meteorological 
dynamics, numerical 
weather prediction and 
mathematical modelling in 1963. he was 
awa*'ded a gold medal by the Government of 
India for his paper 'Mountain Waves Dr 
Das IS an elected member of a board of 12 
scientists for guiding the scientific activities 
of the Global Atmospheric Research Prog¬ 
ramme (GAMP) of which MONEX wBS a sub- 
programme. He is also an elected member 
of the Executive Committee of the World 
Meteorological Organisation. 

Recommends Reading: 1. The Monsoon 
Experiment, World Meteorological Organ¬ 
isation, CARP Publication Series No.lB, 
Geneva. 1976. 2. Summer Monex Field 
Phase Report, World Meteorological Organ¬ 
isation, FGGE Operations Report vol 8. 
Geneva, 1981 3. Das P. K. Numerical Simu¬ 
lation of the Indian Monsoon, Proceedings 
of the Indian Academy of Sc/ences^ 89, 2. 
159, 1960.4. Proceedings of the hational 
Symposium on Early Results of the Mon¬ 
soon Experiment (March 9-11, 1981), India 
Meteorological Department,New Delhi 
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The Nuclear Disaster That 
Wasn’t Science Fiction 


Nuclear diaaatar In the Urals by Zhores A. 
Medvedev (Translated from Russian by 
George Saunders). Vintage Books, New 
York, 1980, 215 pp, $2.95 

In 1976-77, Dr. Zhores A. Medvedev, a 
dissident Soviet scientist now living in 
England, referred to the Urals nuclear 
disaster in his article in the New Scientist of 
4 November, 1976. His claim that hun¬ 
dreds of people died in the nuclear dis¬ 
aster in the USSR, in 1958, wa.s initially 
dismissed as “pure science fiction” by the 
Western nuclear pundits. Medvedev was 
variously accused of “fabrication" and 
“sensationalism". But as a man of science 
he took up the challenge to verify his con¬ 
clusions. 

By writing this book, Medvedev has no! 
only res!(»red his scientific credibility but 
has also helped those who are concerned 
with stopping the nuclear contamination 
of the environment with which humanity 
must be able to live tor millions of years to 
come. Whereas our politicians and the nuc¬ 
lear vested interests think in terms ol one 
or two decades, the nuclear energv 
police-makers must weigh then decisions 
in terms of several centuries. Being a 
biologist and geneticist, Medvcde\ 
thinks “about the future Irom the point of 
view ol evt-lution, const?iicting liiture 
models with relerenec to millions ol gen¬ 
erations" to come. 1’he lH>ok is based on 
this scientific commitment. 

Sii John Hill, then the chairman of the 
U K Atomic Energy Authority, had, 
described Medvedev's New Scientist arti¬ 
cle as “rubbish" and “a figment of the 
imagination". What Medvedev knew 
from memory by working in the USSR, 
gave him clues where to look tor the 
pr(»ols. He sieved the data from various 
scientific journals published on the biolog¬ 
ical and genetic effects of “hypothetical" 
nuclear ilisaster in that region by the 
.Soviet scientists. 1 hese reler to radio¬ 
active migratory birds and 1k*cs, living and 
non-living matter spread all over ~in the 
air, on the surface and in waters and min- 
I crals of the Urals region. For example, 
there are scientific papers on the effect ol 
radioactive contamination on various 
species of ticks and mites of the region. 
And the migration r»f strontium and cal¬ 
cium was traced from the soil and soil 
animals to flying insects, rodents, frogs, 
large mammals (ungulates, without the 
species being indicated), and birds (again, 
without indication of species). For each 
group of animals, summary figures were 
given for the accumulation of strontium- 
90 and calcium, with the biomass and the 
isotope quantity being calculated per hec¬ 
tare. 


Medvedev observed that since ungulates 
(such as roe deer and reindeer) were 
included in the experiments, it is evident 
that the total si/.c of the contaminated 
zone was rather large. Besides CIA 
reports, there are confirmed road-sign 
warnings to drivers not to stop for “the 
next 30 kilometres and drive through at 
maximum speed" at about 100 kilometres 
Irom Svcrdlov.sk, that the whole country 
was (is) e.xcecdingly “hot" and that hun¬ 
dreds of square kilometres had been laid 
waste, and unproductive lor hundreds of 
years. 

DHIRENDRA SHARMA 

Dr Sharma is with the Jawaharlal Nehru 
University, New Delhi. 

Marine ecology 

A text book of marine ecology by N. Bala- 

krishnan Nair and D M Thampy. Macmillan 
India, 1980, 352 pp. Rs 41.50 
AHObI two’lhiids ot oLii planet's surface 
is occupied by the hydrospliere. For cen- 
tuiics, man has explored the ocean, 
exploited its great wealth, and used it for 
InmsptJilalion 

With the population explosion 
and the shortages of f o o d 
and energy, ocean technology and 
its exploitation has been put-first on the 
priority list in national development. This 
has also led lo underslanding of the 
interactions ol millions of diverse plant 
and animal species with their environ¬ 
mental matrices. This science has 
now been designated as “marine ecol¬ 
ogy" There is vast data on the marine 
eeohigy ot the major continents and their 
surrounding oceans, but very little about 
that ol oui own subcontinent. 

During the early decades of the present 
century, the marine ecology studies, which 
generally included taxonomy and dis¬ 
tribution of the llora and fauna of Indian 
waters, were initiated by surgeon-natural¬ 
ists attached to IMS ships (1881-1926) 
and by other British scientists, the 
pioneers being Alcock, Annandalc, Day 
Fauvcl, Gardiner, Gravely, Hornell, 
Kemp, and Sewell. Tlie efforts of thc.se early 
workers, however, were rather frag¬ 
mentary. With Independence, the 
development of marine sciences was given 
top priority and many universities, espe¬ 
cially in the southern belt, introduced 
courses in marine biology and oceano¬ 
graphy at post-graduate levels. Tlic stu¬ 
dents had to follow the text books written 
by British, American and other European 
marine scientists. There was a lack of such 
books WTitten by Indian scientists. 


The book is written in a simple and lucid 
language keeping in mind the require¬ 
ments of graduate and post-graduate stu¬ 
dents. The text adequately covers the phy¬ 
sical, chemical and other abiotic environ¬ 
mental factors, and their interrelations 
within the communities. litis is followed 
by the detailed ecology of the sea-floor, 
benthic and pelagic regimes along with the 
communities inhabituting it. Thq. 
emphasis is on the ecology of fouling 
organisms. Prof. Nair being an ack¬ 
nowledged authority on the biology of 
these organisms. wSimilarly, discussing the, 
origin and classification of estuaries in; 
general, the ecology of major Indian 
estuaries (for example, the Mahimadi,. 
Godavari, Hooghly-Matlah, Cauvery, 
Adayar and Vellar) has been dealt in 
detail. The organic production, food 
cycles, fishery and mineral resources, 
marine culture of algae and shellfish, 
population and instrunients and techni¬ 
ques take up the rest ol the book. 

One feels that murine pollution and its 
effects should have been elaborated upon, 
since this is of great importance in the 
present industrial revolution in main¬ 
taining the balance and health of the 
marine environments. There is very little 
information, however, on the significance 
of bacterial flora, w hich forms a basic link 
in the marine ecosystem and modifies.^ 
many ecological parameters. Similarly, 
inclusion of new disciplines— 
radioecology and ehemoecology—which 
have emerged during the nuclear decades 
would have updated the text. 

The majority of works quoted on 
physico-chemical environmental factors 
are quite old; the inclusion of the latest 
rclcrences.''would have enlightened and 
introduced the students to the new con¬ 
cepts and technologies adopted. Similarly, 
the hi.storieal review of the work carried 
out on the Indian Ocean by earlier BritLsh 
workers should have been highlighted. 
Also, the works in the field by present-day 
Indian marine scientists should have been 
liberally reviewed. A list of premier insti¬ 
tutes and their achievements in ocean 
studies would have benefited students. 

The publishers should have taken care 
to avoid shortcomings like spelling mis¬ 
takes and poor printing. Many illust¬ 
rations are poorly reproduced and lack 
detail. In a text book like this, the printing 
of figures on folded pages is utidesirable. 
The printing of two-tone photographs on 
art paper would have increased their clar¬ 
ity. 

In general, the book is recommended 
both for students and research workers. 

B. PATEL 

Dr. Patel is with the Health Physics Division, 
Bhabha Atomic Research Centre, Bombay 
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hat APPLE means 




Pramod Kumar 
K. S. Karnik 

India makes her bold entry into the f ield of satellite 
telecommunications 


irasRr 


T he sky over India has a new 
satellite—the Arianc Passenger 
Payload Experiment or the APPLii 
spacecraft. The spacecraft, designed 
and developed by the Indian Space 
Research Organisation (ISRO), was 
put into orbit as a “passenger" on the 
third developmental Flight of the 
Ariane rocket developed by the 
European Space Agency (ESA) from 
theKourou Space Centre in French 
Guiana last month. 

APPLE IS an important step in the 
country's overall satellite com¬ 
munications programme; it will lay 
the foundation for building oper¬ 
ational communication satellites in 
the country. Similarly, the appli¬ 
cations and experiments to be carried 
out with APPLE are intended to pro¬ 
vide vital inputs tor the utilisation of 
our future operational satellites. 

With the Indian National Satellite 
(Insat)-ia to be launched next 
year, the country is making a firm 
commitment to satellite com- 
munic;ations. This decision is based to 
a great extent on the experience 
gained during the Satellite Instruc¬ 
tional Television Experiment (site) 
in 1975-76 and the Satellite Telc- 
communicationsExperiments Project 
(STEP) during 1977-79. 

SITE used a US satellite for broad¬ 
casting programmes directly to spe¬ 
cially augmented community tv 
receivers in over 2,300 villages in 

Fig: 1. APPLE satellite 
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Bottom deck plate 
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Solar array drive 


India. The responsibility tor all the 
ground hardware, the TV programmes 
and evaluation was with 
India. Among the various appli¬ 
cations demonstrated daring SITE 
were: programmes for school chil¬ 
dren, teacher-training (about 45,000 
primary school teachers were trained 
using a multi-media approach), train¬ 
ing for agriculturists, and instruc¬ 
tional programmes in various fields. 
“Live" broadcasts were also made. 

STEP used the Franco-German 
Symphonic satellite for two years 
from 1977 to 1979. A large number of 
telecommunications experiments 
were carried out, including the 
deployment of small, transportable 
earth stations for use in remote areas 
or during natural calamities. While 
one of the transportable terminals 
was mounted on a jeep (or could be 
air-lifted), the other was ,truck- 
mounted. 3 he latter could transmit TV 
programmes to the satellite, and was 
stationed in Lahore for live broadcast 
to India (via Symphonic) of the 
Indo-Pak cricket Test matches. Video 
teleconferencing and tele-medicine 
experiments were also conducted. For 
the first time, digital communication 
techniques were tried out via satellite. 

Having thus proven both the utility 
and capabilities in satellite broad¬ 
casting and telecommunications, the 
country is now ready to go into reg¬ 
ular operational stage through the 
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The first devek>pmentiri 

locket, fired froin.tfNR.Stl^ 
range on 31 May. failed To'pit- 
Rohini-ll satellite 

orbit and the satellite, deeignetf 
orbit the Earth for 300 days, xe-fafteh^ 
the Earth's atmosphere and buma 
after only, nine daysL ‘ 

The third and fourth stagea 
rocket performed poorly, 

ISRO. Conse(]uently. the aaietlitb 
injected into a low orbit—-perigee^I^I 
km and apbgee of 425 Jktn agains^r ' 
planned 2% km and 834 kid, reyp^ 
ly. iSKOpredictcd» after the latmcJhi* 
l^cause of the lower orbit, the 1 
would last 9U days but later, 
it said the satellite might last 
30 days. Meanwhile, the iRitellite 
tude was dropping by a few kilometfis ^ 
every day, till it eventually 
the earth's atmosphere and burnt ; 
due to the frictional heating after 
ing for only 9 days. 

Earlier, the slv.3 (e-01), tl^ 
experimental flight on 10 August 197^1 
had failed and the rocket had fall^ inld.f 
the Bay of Bengal soon after thii launch^ 
because of snags in its second stage'^’ 
booster motor. The second expefimen-'; 
tal flight in July 1980 was, howeyef/;^ j 
.success. 

Such setbacks in rocket flights are 
rare, though. For instance, the 
Ariane launcher, being developed aa4; 
competitor to the US space shuffle^ hirtlL 
serious problems. The second Aljani^ j 
test launch from Kourou in May 19H0[. i 
had ended up in the sea, sooti 
launch because of instabilities 
injection system which damaged 
engine. And the launching of Ariine-ii^iS 
which put the apple into 
month, was put off twice earlierbeca^ jj 
of technical snags. Orifinhlly, it Was 
he launched in February this year; bdt' 
was postponed to Marth or Aptil an^ 
subsequently to 19 June . Ariane lauTh ^ 
chers use liquid fuels and such problems f 
are well known in liquid-fuell^ 
motors. si,v-3, on the other habd, 
solid fuels. 

INSA'I satellites. However, INSAT— I 
satellites arc being bought from 
abroad and it is necessary to develop 
our capabilities in the design and 
development of space hardware for 
communications just us we have done 
for ground hardware. The APPLE 
satellite will be an important step in 
this direction. 

The basic objective of APPLE is* 
therefore, necessarily technological. 
It has been defined as: “building and 
getting launched an experimental 
body-stabilised geo-stationary com¬ 
munication satellite with its own 
apogee propulsion, attitude and orbit 
control systems; and obtaining 





t;i^i^rience in orbit^raising and in- 
nrbit management.*' 

Despite this technological bias» 
apple's capabilities for applications 
experiments will be fully exploited. 
APPLEi will focus on a great deal of 
digital communication experimen¬ 
tation. The experience gained from 
the limited digital experiments during 
STpP will be substantially enlarged 
arid enriched. More advanced techni¬ 
ques aimed at further optimising the 
use of spacecraft bandwidth/power 
and at reducing the size of ground 
terminals will be tried out. To this 
extent, the experiments are more 
advanced than what is immediately 
, envisaged lor INSat. Thus, the 
experience and success of the exper¬ 
iments with APPLE will enable their 
later adoption in the iNSAT system. 
APPLE is a geostationary com¬ 
munication satellite (a satellite whose 
orbiting speed is synchronous with the 
earth's rotation so that the satellite 
remains fixed over a given place on 
the earth at approximately 35,900 km 
altitude). Not only was the satellite 
designed and developed in India, but 
the vitally important apogee boost 
motor (which takes the spacecraft 
from an elliptical transfer orbit to a 
circular synchronous orbit) is also 
Indian. Some characteristics of the 
spacecraft are given above. 

The communications ministry will, 
of course, be an active partner of 
ISRO in the utilisation of APPLE. A 
formal memorandum of under¬ 
standing has been signed for the 
experiments (see box on p.f 5) to be 
carried out jointly by iSRO and p&t 
In addition, to create wider par¬ 
ticipation, a large number of potential 
user institutions and agencies, such as 
the Central Electronics Engineering 
Research Institute, Pilani, the Tata 
Institute of Fundamental Research, 
Bombay, llTs and engineering col¬ 
leges were offered opportunities for 
experiments using APPLE. A “non¬ 
technical" offer to try out various 
applications was also made to possible 
users and other organisations like the 
Railways and banks. 

A major thrust of the apple 
experiments is in the area of digital 
communication (most of the existing 
telecommunications network is 
analogue). Digital techniques provide 
a number of advantages compared to 
analogue. Generally, they ensure 
optimal utilisation ot bandwidth and 
power on the spacecraft, while oro- 
viding flexibility and versatility. They 
can handle voice, data or rv picture 
signals with equal case; they have 
greater immunity to noise and offer 
possibility of signal processing, 
bandwidth compressions, error cor¬ 
rections, etc. Among the experiments 
*; planned with apple are I'v trans- 
i missions with multiple audio channels 



rig: 2. APPLE utilisation network. The broken circle indicates the area covered within 
half of the maximum power available from the satellite. The box in the middle shows two 
truck-mounted transportable terminal (tract), two small communication terminals (scot) 
and jeep-mounted emergency communication terminal (ect). The effort is to configure a 
small communication terminal in such a way that it could be easily transported and set up 
in the shortest time, (des Delhi air station, aes* - Ahmedabad air station, mes - Madras 
air station ) The network to be used for carrying out the experiments proposed .will 
consist of four major stations—Ahmedabad, Delhi, Madras and the Advanced Level 
Telecommunications Training Centre (alttc) of the Posts & Telegraphs at Ghaziabad. 
Besides these, small terminals having 6-metre antennae will be available at the Tata 
Institute of Fundamental Research (tjfr), Bombay, Sriharikota' range (shar), Andhra 
Pradesh, the isro Satellite Centre (isac). Bangalore, and the Vikram Sarabhai Space Centre 
(vssc), Trivandrum. The mobile terminals shown in the box will be shifted to different 
locations depending on the experiment. Isro and p&t are responsible for setting up the 
network and the end-links for telephones/TV. 






ClippnpiWmP 

1 . Tim« ilfvi$ion muUfple «co«89 (tokia) 


2. Spread spectrum multiple acces8(SSMA) 


3. Randcm access packet switching iraps • 

COMNEX] 


4. TV with multiple audio itvma) 


5. Facsimile transmission 


6. Digital echo canceller 


7. Digital speech interpolation (osi) 


6. Network integration 


9. Digital communication multiple access 

(OCMA) 


10. Small communication terminal (SCOt) 


(obviously of special relevance to us, 
being a multi-lingual country), 
computer-interconnection, use of 
small, highly portable terminals for 
reception, time-division multiple 
access experiment, spread spectrum 
communication, etc (see table above). 

Besides these technological 
experiments, efforts are continuing to 
conceive and define ex^riments with 
wcio-economic goals. Thus, an exper¬ 
iment in “tele-teaching” has been 
finalised. This will involve llTs, ISRO 
and P&T in a course on satellite com¬ 
munications to be given via the satel¬ 
lite. APPLE will be used to transmit a 
prepared TV programme 
- on each of the chosen topics. This will 


Ma|er oplectl^ 


To acquire competence In tdma 
technology through design, development 
and establishment of operational toma 
system compatible with the ground 
network. 


To develop the technology for ssma, 
providing telephone and telegraph links 
and to demonstrate ite suitability for use 
with small terminals and other 
applications. 

To*develop hardware and software for 
establishing a network consisting of 
computers and user terminals under 
random access packet switched mode 
using a single SCPC (single channel per 
carrier) channel. 

To develop hardware for time domain 
multiplexing (Touiof audio channels with a 
video signal using pulse code modulation 
(PCM) as well as pulse amplitude 
modulation ipami to provide 
commentary/programine quality audio 
channels 

To perform system test of facsimile 
hardware 

To perform system test of echo cancellers 
for double talk 


To develop dsi technology for increased 
capacity with 2 m bit pcm (30 channel) 
scheme 

Development and trial of oquipment.for 
trunk automatic exchange (tax) 
modification to facilitate transit exchange 
working. 

To try digital satellite link for telephony 
using PCM/QPSK (four-phase phase shift 
keying) link in frequency division multiple 
access mode 

To design and develop an easily portable 
small communication terminal which can 
be deployed and used in a short time and 
provide voice/teleprintet link. 

be received at various locations and 
the participants at these locations can 
then ask questions (relayed via 
APPLE) to the presenter/leclurer, 
who will be at the programme 
originating centre and will reply to 
them (again via APPLE). Another 
experiiftent, involving (be tracking of 
wagons, is being discussed with the 
Railways. The objective is to see if the 
use of a satellite link can help to keep 
better track of wagon movements and 
thereby increase efficiency of wagon 
utilisation. 

Discussions are also going on about 
a possible experiment in the field of 
banking transactions, where time is 
important. The utilisation of APPLE. 


Bipnnivwapv 


AccM to satollite in pre-alloted tfma $fbt 
for gach usqr, permittina utilisation of fult 
power and bandwidth by each acceaaing 
station resulting in increased channel , 
capacity. Flexibility of demand 
assignment over a number of satellite 
links. Inherits all advantages of digital 
communication. 

Signal transmitted after adding pseudo 
noise and spreading the bandwidth. 
Recovery of signal emoedded in noise, 
and secrecy and security of 
communication. 

To cater to new type of data 
communication needs with shared 
channel Useful for computer sharing, 
reservation and such applications. 


For TV transmission with multiple 
voice/music Useful for multilingual 
country like India. 


For transmitting pictures, texts and 
hand-written matters. 

To remove annoying effect of echo caused 
by large time delay in satellite 
communication. 

Makes use of pauses during a telephone 
conversation to increase channel capacity 
to an advantage of 1:2. 

Facilftates direct dialling to subscriber 
trunk dialling (STD)destinatlons connected 
to the exchange via satellite circuit, 

To provide good quality link offering 
inherent advantages of digital 
communication. Permits use of osi to 
double the channel capacity. 

To provide emergency voiceAeleprinter 
links for various requirements. 


for news agency messageij and for fac¬ 
simile transmission of newspapers is 
being discussed. 

The APPLE ground network 
(Fig. 2) is necessarily limited. Even so, 
there is a real challenge to the users to 
come up with imaginative and relev¬ 
ant experiments. 


Mr. Pramod Kumar is Project Director, apple 
Utilisation Project (isro). He is also Head of 
the Digital Communications Division in the 
Communications Area of the Space Appli¬ 
cations Centre. Ahmedabad. 

Mr. Karnik is Co- chairman of the Planning 
and Projects Group at the Space Appli¬ 
cations Centre, Ahmedabad. 
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Don’t let a cold 
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• Power-saving liquid crystal display. 
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• Normal battery life 6 months. 
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A cold can be relieved 

There ]s a way to relieve a runny nose 
or blocked nose, heavy head, sore throat and 
chest congestion-all those symptoms that can 
spoil the best of days. 

Fight it with a colds remedy 

It's not enough to treat it like you would treat 
any other ailment. Use a special colds medicine 
that works simultaneously on all affected areas. 

Coidarin is only for colds 

Coldarin relieves all the symptoms 
that bring you down. It has special ingredients 
that act together against all cold-affected areas. 
Plus Vitamin C to build your resistance. 

When you have a cold, it makes sense 
to treat it like a cold. 
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__ YOU TOO CAN DO IT 

1C photo-electric remote control sSiT 


If you arc too lazy to get up from your 
sofa to switch on or off your TV, radio, 
tape-recorder, record player or any other 
electrically operated equipment, you can 
take the help of this device actuated with an 
ordinary torch-light. One flash on the 
device will turn it on and it will remain 
“on’' till another flash turns it off. Thus, by 
remote control you can turn on or off any¬ 
thing which works on electricity without 
getting up or doing it yourself. 

The device explained below is an 
improved version of the ic Remote Con¬ 
trol for your tv or Radio (Sciencl 
Today, March 1979, pp. 61-62). Use of 
two integrated circuits, ic 555 as a mono¬ 
stable multivibrator and 1C 4027 as u flip- 
flop, that is, bistable multivibrator, makes 
the unit respond very fast to the light 
signal. The use of iC-4027, c-Mos dual 
.l-K master slave flip-flop eliminates the 
need for additional relay contacts in the 
electronic circuit. 

The device basically consists of four 
Mages: plk»to-eIectronic trigger circuit 
using the LDR, IC 555 used as a monostable 
multivibrator; c-MOS i(>4027 used as flip- 
flop, that IS, bistable multivibrator; Dar¬ 
lington pair amplifier for operating relay; 
and thcliecessary DC power supply for all 
these circuit stages. 

In the standby state, that is, when no 
trigger pulse is applied to trigger terminal 
No. 2 of IC 555. the control flip-flop pro¬ 
vides high output, which holds the dis- 
chaiging transistor in conducting state 
which clamps the charging capaciU)t ‘C to 
the ground level. Fhc flip-flop also drives 
the inverting amplifier to provide low out¬ 
put. The internal voltage divider, con¬ 
sisting ol three 5 K ohm resistors in seiics, 
provides 2/3rd Vee and l/3rd Vcc to the 
upper and lower comparators, respec¬ 


tively. These two voltage levels thus 
determine threshold and trigger levels 
of the two comparators. 

When the light falls on the LDR, the 
momentary voltage drop across it, 
because of increased conduction, provides 
the necessary negative impulse to the 
trigger terminal of the ic 555. This causes 
the lower comparator to provide the out¬ 
put which changes the stale t)f the control 
flip-flop from high to low. The control 
flip-flop thus cannot hold thtt discharging 
transistor, and the inverting output stage 
provides high output at terminal No. 3 of 
the IC. As the timing capacitor X' is now 
undamped, it starts charging through the 
100 K resistor. When the capacitor 
charges to 2/3rd Vcc, which is the 
threshold level of the upper comparator, it 
resets the flip-flop back to its normal high 
state. The flip-flop tnus simultaneously 
discharges the timing cafiacilor *C' 
through the 330 ohms current limiting 
resistor and the discharging transistor 
014, bringing the output again to the low 
level. This completes one cycle ol mono¬ 
stable operation. 

The output pro\ ided by ir 555 a I its 
terminal No. 3 is fed to the clock input 
terminal of the C-lmos dual master slave 
flip-flop IC4027. 'I’he IC .S5.S monosiahle 


multivibrator goes through one mono- 
stable operation, the clock input to ic I 
4027 drives its output from low to high. 
The state of output provided by ic 4027 
remains high till ic555 goes through one 
more monostabic operation. The output 
of ir 4027 is used to drive the Darlington 
pair, which in turn drives the 12V relay 
coil. 

Thus, when the light falls on the LDR, 
the relays changes state and remains in the 
changed condition till the light falls once 
again on the LDR. The relay contact can be 
used to operate the electrical appliance. 

The monosiahle multivibrator stage 
using IC 555 provides a monostabic period 
of four to five seconds. This period is to 
avoid amlinuous “on-off” operation of the 
relay. Without this period the circuit 
would be unable to select a suitable stable 
state. IliLs phenomenon is called 'hunting'. If 
the LDR remains continuously illumi¬ 
nated, then the relay will go into hunting 
action. 

'Ihe LDR has to be mounted inside a 
tube of diameter about 15 mm and length 
about 100 mm. The inside of the tube 
should be painted with black mat paint. 
The lube containing the LDR should 
be placed pointing towards you such that 
no extraneous light will interfere with the 
LDR and when you require to operate the 
device you can illuminate the LDR briefly 
with the torch-light 
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You will need *. 

Scmi( (niihu tots. IC 555—1 No.; IC 
4027- INo 

1 ran\i\t(>r\ni 107—1 N(».. SL 100—1 No. 
Diifdc‘ BY 125 oi BY 120— 1 No. 

LHR: —1 No. 

Capatuors: t’lcctroIviiL’—250 mfd» 
25V—I No.; 50 mfd, '25V—1 No.; 25 
mtd, 25 V — 1 No. C eramic or 
polyester—0.01 mfd—1 No. 

Resistors (oil V 2 wult type: lOOK— 1 Ni^.; 
lOK—3 Nos.; IK—I No:; 330 ohms—I 
No. 

Relay . Coil voltage J2V DC with resis¬ 
tance more than 250 ohms with two sets ol 
changeover contacts suiiahlc toi operate 
ing the electrical ctpiipmenl. 

Transformer {made lo ordert Pn; 230V 
AC. Sec; lOV at 100 mA -J No. 

Approxijnatc cost ol the .ihove electromc 
comj>oncnts m the Bombav market. 
Rs.125. 

Misi ()n/olt switch, fuse 500mA with hoi- 
dci. sdlilei, IC’ expelimentet's veroboard, 
suitable enclosuie. connccloi strip, wires, 
scicws. mams plug, etc 

ANIL V. BORKAR 


Prince Charming 

The newcomer told the old girls shyly 
that a boy, wearing a blue 1'-shirt and 
faded jeans, had stopped his scooter and 
given her a bunch of roses. She further 
added that the boy was fair, quite tall and 
had a very becoming beard. The old girls 
set out guessing. Only six boys came on 
scooters—Anand, Bipin, Chetan, Dick, 
Ldward and Farid. So, who could it be? 

This is how the discussion proceeded: 

First girl: Anand. Edward and Farid 
are very fair. 

Second girl; Why, Chetan and Dick are 
fair, too! Of course, I could not say the 
same about Bipin. 

Third: A beard looks best on Farid, 
I wish he were taller. 

First girl: It suits Anand, Bipin, Ed¬ 
ward and Chetan also. 

Second girl: How Edward hates any¬ 
thing faded! 

Ihird girl: I know. But don't faded 
jeans look fanta.stic with blue T-shirts! I 
wish Anand would buy a blue I'-shirt to 
go with his faded jeans. 

Now', can you tell who he was? 

SUDHA JOHRI 
(Solution next month) 


Solution to last month's Brain Taasar 
Add s Squars 

Let the square to be added be a* and let 
the sum be b^ so that 
1691 + a' « b- 
b“ - * 1691 

(b + a) (b - a) « 89 X 19 
b + a * 89 
b - a = 19 

Solving, b = 54 and a = 35. 

So, the squares are 1225 and 2916. 


"While I am away you will water the plants, 
feed thorn fmtilisers. give manure-end 
remember, no harsh words Lastly, regular 
bed-time stories " 
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AWARD5 AND APPOINTMENT 


Dr. S. Ramaseshan 
to head lISc 


Dr. S. Ramaseshan, 
currently joint director 
of the Indian Institute ^1, 

of Science, Bangalore, , 

is to be its next director 
with effect from 31 
July. Earlier, he was 
head of the Materials 
Division, which he 
founded, of the National Aeronautical 
Laboratory, Bangalore. He has C4)n- 
tributed significantly to teaching and 
research in composites science, cry¬ 
stallography and high-pressure physics. 
He was awarded the S.S. Bhatnagar 
Award in 1968 and the Jawaharlal Nehru 
Fellowship in 1977. 

Dr. Nayudamma Is JNU’s VC 

Dr Y. Nayudamma, a distinguished sci¬ 
entist and former Director-General of the 
(Council o1 Scientific and Industrial 
Research, has been appointed vice- 
chancellor of jawaharlal Nehru Uni¬ 
versity for a period oi five years. 


Intarnational Award for Teaching Aid 

Mr U. Varadaraya Nayak, a physics 
teacher in the Casia High School, Man¬ 
galore, has won the American Association 
ol Physics Teachers’ International Science 
Award for his invention, which demon¬ 
strates the concepts and principles of the 
working of the AC and DC dynamos. He is 
the first Indian to win the award since the 
competition commenced in 1957. 'Ihe 
apparaitus has already won the top award 
in the all-India physics teaching aids con¬ 
test held at Nagpur in 1980. 

Prof. C. N. R. Rao elected to Yugoslav 
Academy 

ProrC.N. R. Rao, Chairman, Solid Stale 
and Structural Chemistry Unit and Mat¬ 
erials Research Laboratory, Indian Insti¬ 
tute of Science, Bangalore, has been 
elected a ForcFgn Member ol the 
Academy of Sciences Yugoslavia. 

Senior Coal Scientist Award 

Dr. P. N. Mukherjee, Deputy Director, 
Central Fuel Rcseaich Insiiliitc,and Dr. 
D. Chandra, Prolessoi, Department ol 
Applied Geology, Indian School ol Mines, 
Dhanbad, have been named jointly by a 


National Committee for the Senior Coal 
Scientist Award for 1980, instituted by the 
Ministry of Energy two years ago. The 
Aw'ard is given for meritorious research in 
coal science and technology. 

Dr. Mukherjee has made signifieant find¬ 
ings tm the importance of moisture, which 
is held in coal by chemical forces and 
found that the active sites responsible for 
retention of moisture are the functional 
groups such as hydroxyl and carboxyl. Dr, 
Chandra has developed a technique by 
which the quality of coal lying at a greater 
depth ctnild be predicted from the outcrop 
sample, this has helped the coal industry 
world-wide to save drilling expenses dur¬ 
ing the early prospecting of coal. 

Pitambar Pant National Environment 
Fellowship 

Dr. Kothandaraman Krishnumurthy, 
Professt>r of Marine Biology, Centre of 
Advanced Slud> in Marine Biology, 
Annarnalai Univcisity, has been awarded 
this year s Pitambar Pant National Envi¬ 
ronment Fcllow'ship. The award, insti¬ 
tuted b\ the Department of Environment. 
IS tenable for two years, and carries an 
uniouni of Rs 2,.S()0 a month, in addition 
to research and contingent grants. 


All the components 
to complete 
a vacuum system 
from a single source... 








Ball valves • Solenoid operated isolation/ 
air admittance valves • Quarter swing 
valves • Needle valves • Air admittance 
valves • Screwed couplers • Rotary shaft 
vacuum seals • Feed throughs HT & LT 
• Thermal & Water Flow Switches. 

LBflvrei\cc&M25«(Ii\dla) Private Ltd. 

76, Janpath, New Delhi-110001. 

Branches ; Bombay-274, Dr. D. Naoroji Road: Calcutta-11, Govt. Place East; 
Madras-4/16, Annasalai; Bangalora-4-B, M.G. Road; Sacunderabad-115 Park Lane. 










FORHAN’S-the toothpaste 
created by a dentist 




helps strengthen your gums 
while it cleans your teeth 


Gum troubles could mean loss of healthy teeth 
Dentists say that if teeth are not cleaned 
properly a thin layer of bacteria called 
plaque, which forms around your 
teeth and gums, starts accumulating. 

This leads to tartar which weakens and 
pushes away gums causing even 
healthy teeth to fall out. Gum troubles 
can also harm health in general. 

Forhan’s protection for the gums { 

n Dr. Forhan’s exclusive formula with 
its special astringent strengthens 
gums to help you resist gum troubles- 

( \ So brush your teeth and massage 

,, y ,l/. - your gums with Forhan’sJToothpaste and 

Forhan’s Double Action Toothbrush. 

loHtan* For the gutns 







Regd T.M: Geoffrey M»nntii& Co. Ltd 














MEEIIN65 CALENDAR 


S»|itftiiiber 

Research trends in animal morphology, physiology and ecology 
with special reference to Hilly region, Srinagar, Garhwai, UP, 
India (Prof. H.R.Singh, Head, Dept of Zoology, University of 
Garhwai, Srinagar. Garhwiil-246 174, U.P,). (Dates not mti- 
muted.) 

6- 13: Photochemistry, X ini. conf., Crete, Greece (Dr. P. 
Rentzepis, Beil Laboratories, Murray Hills, New Jersey. USA). 

7- 12: Solid state nuclear track detectors, I Ith ml. Cont., Biistol, 
UK (P.H. Fowler, H.H. Wills Phys. Lab., Tyndall Avc. Bristol 
BSB ITL UK). 

13- 17: Three decades ol nuclear power, int. coni., Vienna, 
Austria (IAEA, Austria). 

14- 17; Threatened plants of India, Seminar, Debra Dun, India 
(Dr. S.K. Jain, Director, Botanical Survey of India, PC) Botanic 
Garden, Howrah—71110.3, West Bengal, India). 

15- 19: Medicinal plants and spices, Koiirth session ol the Asian 
symp., Bangkok, Thailand (UNt.sc’O). 

15-20: Oceans, mankind and ethics, ml. seminar. Lisbon, Por> 
tugal (UNESCO). 

lh-19: Earth resources lor Cioa's development suninar. 
Panaji, (roa (Mir. A. R. Gokul, convener and executive 
secietarv, seminar on Fiarlh resources lor (ioa s development, 
(ieological Survey of India, 7S. Diagonal Road. Ill Block, 
Jayanagar, Bjingiib>ie - .Shi) 011) 

20-23: Prom gcnelie expeiinienialion to biotechnology: the crit¬ 
ical tianslion. syrnp., Rome Italy (J")!-. V. Sgaiamdla, Instiiiito 
di genetics Biochemiea cd PvoluzioniMiea del ( NR. Via S 
bpifaiwo, 14-27100 Pavia, Italy). 

22-24: Seed proteins, int. symp., Versailles. Prance. (Dr JM. 
Lea, Depailmeiit ol Bioehcmisliv, Rothamsicd Pxpenmental 
Station, Harpciiden, Herts. (UK) AL5 2JO). 

28-2 October; Industrial applications of radioisotopes and ladi- 
anon technolog\. int, conf . Grenoble, biaiKc (I Al-A. Vienna, 
Austria). 

October 

Plant breeders, national congiess (Mahabal Ram, Indian 
Agricultural Rescarth Institute, Regional slalion, KaniaM32 
001) (Dates and venue not intimated.). 

(5 days): C>lology and genciies, 4lh all India congiess, 
Hyderabad, India (Piol. G.K.Manna, convener. 4th All India 
congress ol cvtology ami genetics, Dcp.itimcni oi /oology. 
Kalyam University, kalyani-74! 2.35,). (Dales not intimated) 

5-7: National Academy of Science, India, ihe 51 si annual sc.s- 
sion. Cochin University, Coehm (H. C. Kliare, Ihe National 
Academy of Science, India, 5 Lajpat Rai Road, AIIahabad>211 
002 ,). 

4- 13: Radio and TV, int. exhibition, Beilm, (AMK Beilin, 
erlin. Postfaeh 191740, Messedemm, 22, D-lOO Beilin 19W. 
Germany). 

5- 18: Cloning of plant genes, course, Arhus University, 
Denmark (Prof. D, Von Wettetein, Carlsberg Laboratory, 
Ganile, Carlsberg Vcj 10, DK-2500, Copenhagen Valby, 
Denmark). 

6- 9: Comparative anatomy ol dna replication and its control, 
and EMBO workshop, Dourdan, France, (S. D. Fdilieh, ctmrs 
U niv. of Paris Vll, 75221 Paris, Prance). 

19-22: Large body impacts and terrestrial evolution, geological, 
climatological, and biological implications, meeting. Snowbird, 
Utah, USA, (Earth impact conference. Lunar and Planetary 
Institute, 3303 NASA Road I, Houston, Texas 77058, USA). 






TOUGH STYLISH Ef COMPACT PLANT 
TO KEEP YOUR EQUIPMENT COOL. 
INCREASE EFFICIENCY. 

PUSH-UP PROFITS 

Plant pictured above is of the following 
specifications:- 

Plant Capacity ; 5 Tons Refrigeration 

Water Temperature : 1000 Litres at 

5 c to 20 * c Outlet 
Temperature Rise 10‘c 
Compressor : Kirloskar Pneumatic Sealed 

Water Cooled, Fitted with Monobloc 
Condenser-Water & Chilled-water Pumps 
Plant can be designed to your Specifications 



Mochaso Refrigerator Co. 

.^0 'J .-l DABAGARDENS VISAKHAPAl NAM 630 0 
PHONE 6223 GRAMS MORECOlO 
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IF... 


... there were no microorganisms 


My son. bedridden in the hospital with 
acute gastroenteritis moaned< 
“Wouldn’t it be nice if there were no 
microbes? Then there would be no infec¬ 
tions and no diseases, at least those 
caused by microbes.*' But then we would 
not have antibiotics either—the group of 
very powerful medicines like penicillin 
and tetracycline which are generated by 
microbes like fungi! Well, if there were 
no di.sease-causing germs, why would we 
need antibiotics? 

Although antibiotics are the first mic¬ 
robial products that come to the mind, 
especially when in a sick bed. drugs are 
not the only things that microbes provide 
us. Microbes have a lot of other uses in 
our day-lo-day life. If theie were no 
microbes, there would be no Lactohadl’ 
lus hulgarirus which forms curds or 
; yoghurt by fermenting milk sugar lactose 
to lactic acid. Yoghurt also contains 
another microbe. Streptococcus thermo- 
philus, which adds a characteristic 
creamy flavour. 

Take* Saccfiaromyces cerevisiae- ' an 
yea.st. Without it., we would not be able to 
I bake our daily bread, or cake if one has a 
' sweet tooth. It ferments the sugars in the 
dough for a brief period and the carbon 
dioxide produced during fermentation 
forms tiny bubbles which leaven the 
bread. The cheese that goes in between 
the slices of bread to make up the 
sandwich is also caused by microbial 
fermentation of milk. Even idli and ciosa 
or dhokla are partially tcrmcnled by 
microbes. Jalehis become crisp only if the 
batter is allowed to ferment. 

If there were no microbes, we would be 
in low spirits, for without fermentation 
there would be no wines and beers. 
Almost each exclusive wine acquires its 
special flavour and taste from the growth 
of an almost unique species of wild yeast. 

But man doesn't live—or grow—by 
bread and wine alone. He needs other 
crucial nutri'enls, like the vitamins. Here 
again, microbes help out. Vitamin C or 
ascorbic acid is made Irom a plant pro¬ 
duct, sorbitol, by a series of chemical 
transformations; in one of these steps, 
the material is exposed to a bacterium 
Acetohacter stdyoxydans, which oxidises 
it more gently than n chemical reaction 
doe.s. Vitamin B^ or riboflavin is pro¬ 
duced microbiologically using a variety of 
yeasts. 

Yet, this contribution of microbes to 
our food and nutrition pales when one 
thinks of the debt we owe to the food¬ 
growing, nitrogen-fixing bacteria. One of 
the major contents of- our food, be it 
vegetarian or non-vegetarian, is protein. 
And the basic constituent of proteins is 


nitrogen. The atmosphere consists of 
some 8(1 per cent of this gas in the 
molecular form but the molecule does not 
easily enter into spontaneous chemical 
reactions. It it is to go into making the 
protein molecule, it has to be “fixed”. 
The plants do it partially by picking it 
from the nitrates in the soil. However, 
microbes like Rhizohium, living symbio- 
tically with the plants, help fix the nit¬ 
rogen and thus bring about enrichment. 
Without microbes, no nitrogen could 
have been converted to nitrates; or once 
converted, it would have stayed that way 
exhausting the atmospheric supply of this 
important gas. if it were not for the 
denitrifying bacteria. 

In fact, microbes can be counted as a 
major factor in helping the growth of 
man’s civilisation if industries are consi¬ 
dered a major component of this civilisa¬ 
tion. We have already seen (hat aleohoJ«a 
major raw material of industry, is pro¬ 
duced by the process of fermentation 
carried out by microbes. Another equally 
important raw material, sulphuric acid, 
can also be produced by oxidation of 
sulphur brought about by bacteria like 
Thiobacillu)i thiooxidans. In fact, there is 
compelling evidence that bacteria were 
responsible for the conversion of sulphate 
to sulphide, ultimately leading to the- 
formation of world’s major sulphur re¬ 
serves. Sulphur, however, is not the only 
mineral deposited by microbes. Coal, 
sodium, iron, molybdenum, titanium, 
chromium, 7inc and that genie of the- 
atomic age, uranium, can all be leached 
out from the pyiitic strata by microbes. 

Industry also needs power which in 
turn needs fuel. Methane, which is one of 
the main components of natural gas, is 





Scanning electron micrograph of B,thur- 
/np/ens/sQop)and the red hairy caterpillar 
Amsacta tno^ei, its victim, above 


formed by methane bacteria. There are 
even speculations that oil formation has 
Seen aided by microbial action. And 
low, it appears, that bacteria of the type, 
Methylosiniis trichosporhm, which pos¬ 
sess a highly specific and effective oxyge¬ 
nase enzyme could be coaxed into form¬ 
ing a biofuel cell producing electricity 
directly from fuel without any 'energy 
wasting intermediate steps. 

Even the most ordinary microbes do as. 
great service. Take, for example, Escher- 
ichia coil which lives happily in our 
intestines and helps in digestion by pro* 
viding certain enzymes. In the process, 
they sacrifice their lives. This bacterium 
has been the workhorse of modern 
biologists. For, if there were no germs 
f/i,'. C(di), we might not have been able to 
break the genetic code so easily^revealing 
the ‘mechanisms which ensure that here¬ 
ditary traits pass on from generation t( 
generation. Lack of this knowledge 
would hiivc stunted, even aborted, the' 
development of-genetic engineering 
which persuades industrious and in¬ 
nocuous microbes to mass produce sever¬ 
al vital substances like insulin, interferon 
or somatostatin. Nor would it have been 
possible to develop the technology that 
led to the birth of the test-tube Ixiby. 

Obviously, microbes have bceivunjust-. 
ly branded as mere disease-bearing 
agv'nts. For every one pathogenic strain, 
there are several benign and helpful 
strains of imerobes. Some of them are 
indeed infectious. And if microbes like 
the small pox virus, or Vibrio cholera or 
Sidnumella typhosa, ( losindium letanii 
which still incapacitate millions of peo¬ 
ple, and at limes cause fatal illness 
weren’t there, it could no doubt be a 
better world. But then there are others 
like Bacillus thurinf»ensis which control 
pests like caterpillar that destroys food¬ 
stuff or mosquitoes that are responsible 
for the spread of malaria. 

Microbes were the first to arrive and 
exist on the Earth, milleniu before man 
did. It is they who converted the Earth's 
forbidding environment into one that is 
conducive to life and paved the way for 
the evolution and sustenance of Homo 
sapiens. According to the controversial 
British astronomer Fred. HOyle. wc owe 
our lives to those distant microbes who 
paved the evolutionary pathway. And it 
is the exciting discovery of the microbe 
Azatobacter bijerincky which promises 
one day to help man tame the hostile 
atmosphere of Mars in order to colonise 
it. 

G. P. PHONDKE 

Or. Phondke is Head, Radiobiology and 
Occupational Health Section, Medical Divi¬ 
sion, Bhabha Atomic Research Centre, 
Bombay 




plan for a brilliant 
ENGINEERING CAREER 


Hindintm Institute of Engineerino TMhnology, one of Indie's leading educatkmai institU' 
lions m HiejPfpwotton ornon'fon^ technical education in Afro-Asian Countries, invites applioa* 
a(™8Sion to the foilowtnq crwrses commencing shortly, HIET is patronised by several 
industries, airlines and foreign countries for training of tMr technical personnel. 



FACILITIES OFFERED 


• Expert faculty 

• Well equipped Automobile, Mechanical, 
Aeronautical and Electronics Workshops 

• Well equipped labs 

• Technical Library with several thousand 
volumes 

• Good Hostel Facilities 

• Students from 22 States in Mia and 24 
foreign Countries are on our rolls. 

• Latest audio visual eefuipments 
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LETTERS 


SUPPLEMENTING VEGETARIAN DIETS 


C)m implirtan! ihinu that 
K.’I. Achaya ( “Arc 
Vegetar ians 111 Nourished?" 
March I^Sd) has not stated 
clearly is that the lack of 
methionine in vegetarian 
diets can he made up trom 
the proteins nt cereals or 
potatoes. It should be 
mentioned that r/n/contains 
only a small amount of 
methionine. Moreover, 
non-haem iron absorption 
from the gut is also 
hampered bv phosphates 
along with phytates 

NITAl DA'n A 

Burdsyan Medical College & 
Hospital 
Buidwan 7L^ 104 


THE NATURE OF 
HOMOEO DRUGS 

Bom P.M. Bhaigava and 1). 
Balasubrarnanian (1 .ellei s. 
May lOSl) have eiujinred 
about the natuie of the acii\e 
principle in hoinoeo 
medicines. 

IlwasC'r.C). Barnard who. 
based on \’MK studies of 10"' 
dilutions, pioposcil that 
homoeo medicines consist ot 
“sterospecific isotaclic 
polymers ' ol the solvent 
with “sell ieplicating 
qualities". According to him, 
this happens due to the 
impact of the solute on the 
on ionsol the solvent 
(which may be alcolu>l or 
water) during potentisation 
of the diug through 
succussion. 'I'his is said to 
hold good also foi 
triturations (drugs prepared 
by grinding in sugai 
medium). 

This expKmation has been 
generallv favtnired In the 
workers quoted below. 
Amongst these, the work by 
Aditya Kumar and Kupla! 
Jiissal (1081) is especiiilly 
relevant. Thev have shown 
that the surface tension ol 
homoeo medicines increases 
proport ion,itcly as then 
dilution IS increased. Thus 
There is no question ol the 
pharmoctins splitting into 


subatomic p,irticles in 
dilutions, as IS genei ally 
believed. It is the rearranged 
solvent molecules induced In 
the drug w Inch act anil cure 
ailments. 

Not only Bhargava and 
Balasiibramaniaii. but other 
readers too, may be 
interested in looking up the 
following references to get 
some understanding: 

I. Barnard,(i.O.. 
“Mixrodosc paradox: 
u new concept”. 

Journal of ilic . \nu’nraii 
lustmiH’ of Homocopathw 58 
:()5(1%.S):2. Smith. K.B. iS;: 
Boerick. (i.W., ‘Modern 
Instiumentalioii for the 
evaluatiim of homoeopathic 
diiig sti ucliire”. I hid, 59 2(i3 
(l%h); 5. Stephenson, J.If., 
"On the possible held effects 
of the solvent phase ol 
succiissed high dilutions". 
//>/;/. 59:hll(l%b) ;and4. 
Aditv.i Kumai tk: Riiplal 
.lussal. "A hypothesis on the 
nature ol homoeopathic 
j potencies". Hahnemamuan 
I (ilcanuifis, 48 l.H (1981). 

N. RAMAYYA 

I Keailer in Botany 

Plant Anatomy tV: Faxonomy 
Laboratorv 
I f>smania Univeisiiv 

Hyderabad .SOI) 007 


SUB-ELECTRONIC 
SIZES: SO THAT'S IT 


Till \ iew's ol both Bhargaxa 
and Balasubrarnanian on the 
sub-elect ionic si/es ol 
homeopathic dosages 
confirmed what 1 had long 
suspected, hut had never got 
around to working out fot 
myself. 1 lomcopathy is. I 
believe, a great advance. In 
homeopathic medication the 
doses aie kept so small that 
they can never do any harm 
(prinided. of course, that the 
vvaiei IS properly distilled). 

r DWAl^n WHhliLLR 

1-4fo King Street 
Newton. NSW :()4: 

Australia 


SMOKlNfi IS 

INTVJRlOUS TO 
Y our, he/h-th 

Jhl^FIEtTNE TASTE 



y.u'/ \im v they tnuuvd thf stuutiory wuimny 
I kiu'w llivrf was money in ii,' 





THEBADTASTEOF 

CIGARETTE 

ADVERTISEMENTS 

rill- hazards of cigarette 
smoking are well known. 
Many newspapers, 
periodicals,and IN' 
companies m the tieveloped 
countries have iherclore 
slopped piihlishmg eigaretle 
advertisements. Also, 
cigarette companies h.ive, 
under law, to slate on 
cigarette packets and with 
their advertisements that 
smoking IS harmful to health. 

C lgare11e advert isemerits 
in Si II, Nc i- l oDAV are 
indeed vei y surprising and 
distressing to readers. This 
should in faet he leplaeed hv 
warnings against smoking in 
every issue, and sueh 
warnings should he made 
prominent. 

J.M. CiANCUH.I 

Piolessoi ot Physics 
19. Paikside Road 

C.ilcutfa 7()t) ()2() 

NOT FUNNY? 

R.K. Laxman’s cartoon on 
the absent Russian scientist 
( This World of Science! .lunc 
1981) is in very had taste and 
out ol place in a science 
magazine. Despite being 
behind the USA in several 
fields,the USSR has made a 
lot of progress in many fields 
and even leads in some ol 
these. Notwithstanding 
western propaganda, the 
technological progress of the 
USSR indicates that it has a 
large body of happy well- 
equipped scienlists and 


similarly satisfied people to j 
back them up. 

People m India should stop 
talking about the supremacy 
of the USA over the USSR or 
vice versa and, instead, 
con.sider how' much better off 
both those countries arc 
when compared to India. 

S.SASFRY 

318 Harvev House 
ilPMKR 
Pondicheri V 605 006 


WHERE CREDIT IS DUE 

In "More Niliogen for More 
Food” (April 1981) a map 
(Fig. 4) depicl.s the nitrogen 
fertility status ol Indian soils. 
While no reference to this 
map is made in the text, the 
source from w'here it has been 
taken has also not been 
acknowledged. It was first 
published by us in 
Fertiliser News, November 
1980. 

A.B. GHOSH 
R.HASAN 

Division of Soil Science & 
Agricultural 
Chemistry, 1AR1 
New Delhi 110 012 
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VIEWPOINTS 


The Information Revolution: 
its implications for India 

L iving in the last quarter of the twentieth century, 
we are on the threshold of a new age: The Age of 
Information. Information has suddenly become central to 
much of human activity, and the key to economic 
development. With its inseparable twin, communication, 
information constitutes the nervous system of modern 
society. 

We often hear of the term “information explosion”, 
used to describe the abundance of information and the 
bewildering range and variety of the tools that have 
become available for dealing with it. Yet, they do not by 
themselves constitute the information revolution. Even 
the ever-increasinc realisation that information is a vital 
resource and worthy of vigorous pursuit in order to gain 
power and control over men and matters is only a neces¬ 
sary condition but one not good enough for the onset 
of an information revolution. What use is all that infor- 


which can simultaneously carry hundreds of con^ 
versations without the slightest overlap. And from mi¬ 
crowaves and radiowaves we are moving over to laser 
beams to carry messages. Integration in electronic circuits 
and systematisation in computers have been matched by 
digitisation in communications. What is more important, 
it is now possible to establish person-person, person'^, 
computer and computer-computer interactive networks 
i^espective of the distances separating the different sta-, 
tions or the number of stations or the number of units 
involved. 

The merger of computer and communications 
technologies into a common stream, which Anthony Oet- 
tinger, chairman of Harvard University's Program on 
Information Resources Policy, calls the compunication^ 
technologies, has opened up the possibility ot mpec^: 
cedented control over the entire cycle of information. 
Computers can be used to store, process and retrieve vastt 
quantities of information including text, tabular data and 
images, and communication channels can help instant 
dissemination and delivery of information. Computers 
have evolved to the point where communication is 


mation. if you cannot lay your hands on the particular 
piece of information which is most relevant to your pur¬ 
pose when you need it? It is the possibility of instant 
access to sources of knowledge which makes us wonder if 
the impact of the information revolution is going to be 
even more far reaching, or more consequential, than that 
of the industrial revolution. 

The abundant availability of information is nothing new. 
It was an inevitable consequence of the invention of print¬ 
ing, tut instant accessibility to almost any portion of the 
recorded store of human knowledge became possible only 
now, thanks to the happy confluence of computers and 
telecommunications—advances in both of which owe a 
great deal to the development in modern electronics. 

**Cornpunlcatlon8’’ 

We can conveniently trace the roots of this revolution to 
the publication by William Shockley in 1952 of the theory 
of the field effect, transistor, which led in quick suc¬ 
cession to a series of other significant developments cul¬ 
minating in the mighty microprocessor which forms the 
heart of the microcomputer and which can be used in any 
situation which historically utilised some form of infor¬ 
mation processing technology, be it electronic, mechan¬ 
ical, pneumatic or hydraulic. 

The phenomenal growth in the power of computers can 
be grasped from just one example: The capabilities of 
ENtAC (one of the earliest computers, constructed in 1946 
at a cost of several million dollars) can now be reproduced 
at less than $100 using a microprocessor chip. Such a 
circuit, occupying only a single printed circuit board, 
would be 20 times faster than ENIAC at performing cal¬ 
culations. Also, it would be 10,000 times more reliable, 
require only 1/56,000 times the power and 1/300,000 
times the space. An equivalent gain in the automobile 
industry would make a custom-built luxury coach avail¬ 
able at less than 50 paisc! 

Correspondingly, there have been rapid advances in the 
communications sector. We have come a long wav from 
the days when telephone calls even within a small town 
had to be made through an operator to the days of direct 
dialling between cities thousands of kilometres apart. We 
have moved from crossbar exchanges to space-division 
and time-division electronic switching systems. From, 
mere voice and data communication in the early sixties 
we have come to facsimile and video-transmission. 
From copper wires we are switching over to glass fibres 


a major part of their activity, and “the traditional use of 
computers as calculating engines for numerical work is 
rapidly being replaced by a new principal role—that of 
managing, storing, retrieving and distribution of infor*^ 
mation”, says Philip Abelson, editor of the US journal, 'f 
Science. 

Thanks to the merging of telephones, computers and 
television into a single yet differentiated system, it is now 
possible for anyone, sitting in his drawing room, to have I; 
information in real time, that is, to be able to witness 
far-away events“live” as they occur, be it the launching of I 
a spacecraft, or the Wimbledon finals. Newspapers and, S 
magazines, edited and made up at one centre, can be (and 
many are) printed almost simultaneously at different 
centres, often separated by continents, in the words of 
Daniel Bell, we are in an era of “perfect information”. ^ 

It is not just the speed which matters; more significant is A 
the entirely new way of organising communication. Now ) 
research teams, office managers, and government agen- 
cies can translate new research findings, and give orders \ 
or financial information for further action elsewhere. It is > 
not just mere purveyance of information by new means; 
the communications infrastructure has gone far beyond, ' 
to the provision of better intellectual capital to the deci- 
sion makers. Consider, as an example, how this revolution 
has affected and tremendously altered the global ' 
economy of scientific and technological information (STl). 

Evolution of 8Ti systems 

Prior to 1900 and till the early years of this century, 
tools to facilitate scientists' search of the literature such as 
abstracting periodicals, were conceived and run by groups 
of scientists themselves. For example. 
Chemical Abstracts was established by the .American 
Chemical Society, and Refrativnye Zhurnat by the 
Academy of Sciences of Czarist Russia. The manually 
compiled abstracts appeared regularly as printed books. 
Subscribers got them by surface mail. The early abs¬ 
tracting .services were almost always built around sci¬ 
entific disciplines such as chemistry, physics, electrical 
engineering, biology and so on—a reflection on the way 
scientific research was organised at that period. 

During the interwar years and in the early fifties, the 
initiatives for establishing new information systems 
started coming from quasi-government agencies, such as 
the national research councils. A fine example is the 
Conseil National dc Recherche Scientifique (CNRS) in 
Paris which started publishing Bulletin Signaietique, the 





iWench abstracting service. 

Immediately, after World War 11, many governments 
and other agencies started realising the economic impor¬ 
tance of information, especially in the context of specific 
projects. Also, around that time traditional boundaries 
between academic disciplines became blurred with the 
coming of hybrids such as materials science, systems 
analysis and mathematical biology. These led to the 
emergence of multidisciplinary and mission-oriented sys- 
tems.For instance, the US National Agricultural Library 
established an agricultural information system, covering 
information for disciplines like agronomy, genetics, 
entomology, and fertiliser and pesticide technology. 
Likewise NASA developed a space information system 
covering many related areas. 

In recent years the initiatives for producing STI delivery 
systems come from the governments themselves. The 
best known example is the computerised STi data bank set 
up at Vallbonnc near Nice, thanks to the interest 
taken by the former French president, Valery Discard 
d'Estaing, and his Secretary of State for Science, Pierre 
Aigrain. In India, we have set up the Indian National 
Scientific Documentation Centre under CSIR, and the 
National Information System for Science & Technology 
under the Department of Science &Technology, to help 
Indian scientists gain accessibility to worldwide infor¬ 
mation. The Government of India has also set up the 
National Informatics Centre under the Department of 
Electronics to deal with information vital for planning and 
development. Mexico, Bolivia and Morocco arc also 
among the countries where such initiatives have come 
from the government. 

Realising that the information business is profitable, 
many industrial corporations in the West nave also 
entered the si l market, and produced not only primary 
journals, but also abstracting and indexing services and 
other bibliographic databases. Usually their products and 
services are much more costly than those provided by 
scholarly societies of scientists and quasi-government 
and government agencies. An example of an abstracting 
service produced by a publishing firm is the Excerpta 
Medica, the well-known biomedical abstracting service 
from Amsterdam. 

The emergence of international cooperative mission- 
oriented STI databases is a recent development. One of 
the earliest such efforts was directed to providing infor¬ 
mation in the area of peaceful uses of atomic energy (INIS), 
and another dealt with growing more food (AGRIS). These 
are organised under the UN auspices. Participating 
nations have the responsibility to identify and contribute 
data generated within their boundaries, and are free to 
use the entire database which will be made available to 
them in return for the data they feed in. The philosophy of 
such equitable systems is ^'contribute what you have to 
the database and take whatever you need"—an indication 
of the realisation that information is a worldwide com¬ 
modity to be used for the good of all mankind. 

Since the beginning of the century, there has been a 
steady increase in the number of research scientists. 
There has also been a dramatic increase in the funds 
available for R & D from a variety of sources: gov¬ 
ernments, industrial corporations, foundations, etc. No 
wonder little science—the inquiry into nature by a curious 
few—grew into big science, a calculated attempt by large 
teams of scientists and technologists not mejely to under¬ 
stand the workings of nature out to control and take 
advantage of it. One of the most visible consequences of 
this transformation was the exponential growth in the 
literature of science. For example, Chemical Abstracts, 
the world's most comprehensive database in chemistry 
and chemical engineering, which commenced publication 
in 190^, published its millionth abstract in 32 years; but 
the second million c;ame in the next 18 years, the third 
million in the next eight years, the fourth million in less 


than five years, and the fifth million in a little over three 
years. Soon, it will be reaching the milestone of a million 
abstracts a year! Is it possible not to go in for com¬ 
puterisation? 

So far we have considered the bibliographic databases 
useful in the retriev^ of STi. But what about the pro¬ 
duction and distribution of the primary literature of sci¬ 
ence itself? Both the way Journals are produced and the 
way the information content of the journal is packaged 
have undergone considerable changes with the advances 
in printing technology and with the scientific community's 
ever growing demand for more and more information in 
less and less space. The letterpress gave way to typewriter 
composition-cum-olfset printing, use of word processors, 
photocomposition ot text, and computerised composition 
of text-plus-laying out pages of text, visuals and tabular 
data, all at one go, using electronic video display units. 
Surface mail delivery gave way to accelerated surface post 
and airmail delivery. The language of science became 
more crisp and even unintelligible to anyone but the 
initiated. However, for the last three centuries the journal 
continued to be a print-on paper product. 

The scientists prepared their manuscripts on typewriters and 
sent them by post to the editors of journals who 
in turn used the post office again to contact their referees 
and so on. And when recommended for publication, usu¬ 
ally with suggestions for a few changes, a manuscript was 
returned to the author who would revise and retype it. It 
was typeset by a compositor, the proofs read, and the 
paper finally included in an issue of a journal. 

But the compunications infrastructure of today has 
already started making inroads into the way journals are 
produced and distributed. 

The electronic Journal 

The scientists of the future will use a keyboard, very 
much similar to that of an office typewriter, to type out— 
or “input" as they call it—their research findings. The 
entire manuscript will be transmitted electronically to a 
terminal at the editor's office. Even if the editor were to 
be away or if his office had a holiday, the message would 
be recorded. The editor will in turn flash the whole article, 
or parts of it such as a synopsis, again electronically to the 
terminal ot a referee who will comment upon the cog¬ 
nitive content of the “paper". Of course paper as a mat¬ 
erial will be rarely used, though the term “research 
paper'" will be allowed as a concession to nostalgia. 
When accepted for publication the paper will be stored in 
the computerised journal' for any reader to recall on a 
visual unit of a terminal. The paperless “elec¬ 
tronic journal" could soon replace much of today’s 
paper-based journals, at least in science and technology. 
In the words of Wilfrid Lancaster, an award-winning pro¬ 
fessor of information science at the University of Illinois, 
“The library is dead. Long live the librarian." 

Maybe soon, the science fibrary as we know it today will 
go out of business. No scientist reads or needs to read the 
entire printed journal which carries between its covers a 
number of research papers. An example nearer home will 
put the point in perspective. The Indian Institute of Sci¬ 
ence, Bangalore, has one of the most active biochemistry 
departments in the country with over ten professors and 
about 50 research students at any given time. Their lib¬ 
rary subscribes to a number of the world's leading 
biochemistry journals such as the Proceedings of the 
National Academy of Sciences, USA; Biochemica et 
Biophysica Acta; and Journal of Biological Chemistry. 
Some ot them are quite bulky. However, all the members 
of the faculty and students put together do not read even 
one-fourth of the articles published in any single issue of 
any of these journals. Each researcher reads only what is 
relevant to his work. Thus the printed journal, as it exists 
today, is a highly uneconomical means of disseminating 
knowledge. 

With the advent of the electronic journal, it is possible 



terminal land call for 
only those papers which his study requires. With paper 
prices and printing costs escalating and with the com- 
punications technology bringing down the cost as well as 
raising the already fabulous capabilities of both the com¬ 
puters and the communications channels, the crossover 
point when the electronic journal will become the more 
economic alternative may be hardly a decade away. 

Of course, science publishing is right now in a fluid slate. 
The transition from the print-on-paper journal—which 
one can scan and browse at leisure, and carry in one’s 
briefcase to read at home—to the totally electronic jour¬ 
nal may yet take some time. Two decades say some 
experts, three or four is the estimate of others. Bven then 
not all the flow of scientific information will he through 
terminals and computers. The paper journal might, by 
sheer inertia, fight a valiant battle for survival and might 
coexist with the paperless journals for decades. 

Currently, about 450 computerised databases are avail¬ 
able for on-line retrieval, which is not only more efficient 
arid time saving but also ctmsiderably cheaper. It is obvi¬ 
ous then that those who do not have access to the new 
technology are doomed to a second-class existence in the 
Republic of Science, where acce.ss to current information 
ana speedy communication arc the ruling currencies. It 
has been said earlier (SciENCh Today, December 1979) 
and it bears repetition that the inability of Indian sci¬ 
entists to seek information relevant to their work is a 
major reason for their poor showing in world science, 
which is definitely incommensurate with the large man¬ 
power deployed and the huge funds spent on s&T. 

We should modernise our communication system, 
fake the nichtmarcs most telephone u.sers in Indian cities now 
face. This should become a thing oi the past. (The Central 
Goveinmen't has recently initialed action to establish 
electronic exchanges in a number of metropolitan cities, 
even if it means a huge import bill.) The case is staled. 
Introduction of the new information technology will be 
beneficial to Indian science. Besides, there does not 
appear to be much of a choice. First should come the 
realisation that access to available information is vital for 
the growth of S&T. Steps should be taken to introduce the 
electronic means of seeking information, which is not 
possible without the widespread diffusion of the culture of 
electronics, computers and telecommunications. Unfor¬ 
tunately, this is one area where we have failed to achieve 
as much as wc could have, in spite of having a full-fledged 
department and a commission headed by eminent 
technocrats. In the opinion of Kurt Hoffman of the Uni¬ 
versity of Sussex Science Policy Research Group, India 
has a great potential in microelectronics, but '*has 
no official development policy” with respect to that 
sector. 

However, there are some plus points: (1) The Indian 
universities and institutes of technology train about 1,0()0 
electronics engineers every year. (2) India's capacity in 
software design is well known—a leading Indian business 
house is even selling software packages to the West, and 
many Indian computer specialists are well placed in the 
US industry. (3) Bharat Electronics Ltd, a public sector 
undertaking, is already pianufacturing integrated circuit 
chips, and a few firms in the private sector are producing 
computers of reasonable capacities though they import 
the all-important chips, (4) A national newspaper has 
been using facsimile technique, for over a decade, to 
produce multiple editions published from different 
centres spread over the southern states. (5) On more than 
one occasion, on-line retrieval of information from 
databases located outside the country (such as the Esa- 
at Fraseati, Italy) has been demonstrated in 
India. The Computer Society ol India has also demon¬ 
strated the feasibility of networking many computer 
centres in different parts of India (Sciencl Today, 
March 1980). 


It Is not the scientific community alone which will beneftt 
by the introduction of the new information technology. It ' 
can provide an opportunity for much of the Third World , 
to leapfrog decades of industrialisation and be able to use 
advanced products of technology in their efforts to 'I 
improve their industrial productivity, raise the overall f. 
literacy of the people at large, enhance the effectiveness 
of their educational institutions, and raise food pro- 
duction. The new information technology can be a great 
help in the planning and execution of national policies and 
projects. We will not go into them now. i 

Future shocks k 

;.v 

The information revolution is a Janus-faced entity. On 
the one hand it has the potential to be the heart of the '! 
transformation of our civilisation. On the other hand, it is 
almost eertain that ft will have an essentially negative 2 
impact on the Third World, at least to begin with. Many of : 
the future shocks are going to be microprocessor gen- ^ 
crated for the impact of information technology will be 
felt far beyond the realms of technology, in our polity, 
economy and society. In India, the first and the most , 
obvious, of the problems will be large-scale unem- 
ployment. The rate at which microprocessor based ^ 
technologies can create avenues for new jobs is an order ^ 
of magnitude less than the rate al which it throws men out 
of jobs. This is already evident even in the West. The 
classical example is the entry of Japanese-made electronic 
watches into the world market in the seventies which at 
one stroke crippled the unrivalled Swiss watch industry. J 
Forty-six thousand lost their jobs and 17 firms went bank¬ 
rupt. Recently, a reputed Swiss watch manufacturer des¬ 
troyed thousands of costlier models which they could 
never hope to sell. Already we see Japanese digital 
watches with liquid crystal displays (most of them 
smuggled) flooding the Indian market at prices much 
lower than those of the watches made in Inaia. Japanese 
firms even take full page advertisements in mass- 
circulation Indian dailies displaying their latest handheld 
calculators, with a footnote “for in format ion only”! Also, 
goods incorporating microelectronic devices require less 
labour than the ones they replace. An electronic cash 
^register requires only 25 per cent of the labour that goes 
*to make an electromechanical one. An electronic telex 
machine has just one microprocessor to replace 936 mov¬ 
ing parts and takes about 18 hours to make as against 75 
hours for the electromechanical one. 

The introduction of the new technology almost brought 
The Times of London very close to writing its own obitu¬ 
ary. The phenomenal pace at which cost-rcducing and 
capability-enhancing advances occur in the new technol¬ 
ogy can only worsen the employment situation. The 
Japanese are ready with 64K (K for kilobit) random 
access memories and expect to market their 256K ran¬ 
dom access memories in a few years. The memories used 
now are in the 8K and 16K range. 

The argument that technology has always created 
enough jobs to adequately offset the ones it makes redun¬ 
dant in the first place does not hold any more even in the 
advanced countries, what to speak of the Third World. 
The conventional argument of the protagonists of 
technology goes like this: Mechanisation and automation 
did not as a whole lead to unemployment but to a struc¬ 
tural transformation of the economy, away from man¬ 
ufacturing industries to services. For instance, the fraction 
of people involved in agricultural occupations has steadily 
decreased with the application of improved 
technology—tractors, fertilisers, pesticides, hybrid seeds 
and so on. The workers released from agriculture did find 
jobs in factories producing different kinds of goods. Of 
course they had to Icam new skills. With incr asing 
automation, the labour force engaged in industrial pro¬ 
duction started to feel the pinch, but newer methoos of 
producing mechanical energy and transforming materials 



Pliiihre invented to keep much oif the workfori^ occupi^'J 
pLater on, the emphasis shifted from producing goods to 
fWoviding services based on knowledge and managers, 

I lawyers, professors, publishers and others came on. 
fl.argcr and larger percentages of people acquired special 
skills and entered the knowledge industry. 

I In essence, the argument says that with the advent of 
communications, a number of people will find jobs as 
f'hardware and sottware spedaiists, programmers, laser 
' technologists, etc and there will be a snift from traditional 
; occupations to sophisticated information occupations. 

: But what this argument misses is that, even during the 
; industrial revolution phase, jobs were not lost only within 
; the countries where the revolution was unfolding. The 
suffering was felt elsewhere. The British textile industry 
i 'hit the Indian weavers so hard that the resulting 
f movement was as much an economic necessity as a laud- 
political instrument. It is not ah exaggeration to say 
that the boom in production of goods made possible by 
ll'lhe then new technologies and the consequent necessity 
I jto find a market did play a part in the colonisation of Asia 
I mid Africa by the industrially prosperous Europeans. 
The crunch will be felt even more with the advent of the 
information revolution. As mentioned earlier, the 
fi^f^^deleterious effects on the employment situation has 
‘i already been fell even among the members of the fratcr- 
g nity of the top industrialised countries. The giant auto- 
'i mobile industry of the US has thrown in the towel and 
pleaded with the Japanese automakers to exercise vol- 
f' voluntary curbs on exports to the US! 

The information revolution differs from the industrial 
I : revolution in two distinct ways. It uses energy and mat- 
erials, which are bound to be depleted with use, sparingly. 
■' Its strength comes from the maximal use of knowledge 
f and information, whose supply is increasing exponentially 
V, and whose value is bound to increase and not diminish 
; with use; as with materials and energy. With the intro- 
! duction of labour-saving devices like the robots to per- 
^ form routine industrial operations, the new revolution 
- can take away from the Third World what arc currently 
:: labour-intensive industries. 

^ It is clear that those who enter the portals of the infor- 
, mation society early will have opportunities to wield tre¬ 
mendous power. If the industrial revolution helped 
establish colonialism, the information revolution can help 
establish some form of acute economic and intellectual 
' domination. An already unequal world will become even 
more unequal. 



are: who has the informotioh, who want$ it, how can we 
get it, and what arc the terms of trade? The answers do not 
come under the purview of technology but under politics. 
Taking scientific and technological' information as an 
exampte, Indian libraries in S&T institutions spend more 
than ithree-fourths of their books and journals budget on 
imports from the West. In fact, the literature produced 
within the country is precious little. Again taking chemis¬ 
try as an example, an year's subscription for a single copy 
eyeiy week of Chemical Abstracts costs about $4,500. For an 
airmail subscription to Current Abstracts of Chemistry 
and Index Chemicus fwhich will brine two copies of each 
weekly issue), you pay about $1,000 a year. In contrast, 
for one subsmption to CA Search, the computer readable 
file from the Chemical Abstracts, you have to pay about 
$9,100 plus a fee based on the number of times and the 
total duration the tapes are used. Wc in India are not only 
to pay for the databases we import but also for the 
equipment—the computers, the terminals, the tele¬ 
communication infrastructure—almost all of which will 
have to be imported, at least for a few years. Our elec¬ 
tronics industry is still in the fledgling stage. 

Take another perspective of the havoc information 
technology can play in India. Assuming wc will equip each 
village with a computer terminal (as suggested by Jean- 
Jacques Servan Schreiber) and link them to a central 
network at New Delhi or*the state capitals, hypothet¬ 
ically, the peasant farmer can have access to all the infor¬ 
mation required to ensure good family health, raise farm 
production and educate himself and his children. But in 
reality, how could the destitute poor and the illiterate 
majority actually use the information once it is provided? 
On the contrary, information technology can accentuate 
class divisions by creating a new class of the information 
rich. 

This problem will be felt acutely in Third World coun¬ 
tries where introduction of new technology has always 
aggravated existing social tensions. The much talked 
about green revolution led to the concentration of wealth 
in the hands of the rich farmers, considerably upsetting 
the power structure of rural India. The onset of mechan¬ 
isation not only replaced the aristocracy of the British 
days with a class of nouveau riche but also resulted in an 
erosion in values, as elegantly portrayed by Satyajit Ray 
in his film Jalsaghar. It is difficult to predict what would be 
the consequences of the information revolution in a coun¬ 
try torn asunder by economic disparities, acute political 
rivalries and problems of underdevelopment. 

If wc must use the technology to our benefit and not he 
harshly used by it, we must cfecide on a national infor¬ 
mation policy, taking into account our present strengths 
(software capability for example) and weaknesses and the 
needs of our society. I'hc policy should not only talk about 
what kind of databases and technologies we are going to 
import (or generate locally) but also discuss how to 
minimise the culture shocks that arc bound to accompany 
the new technology. After all, people are more important 
than technology and they are the raison d'etre for all 
technologies. The policy should start from the premise 
that wc are a predominantly agrarian society (with over 
70 per cent of the labour force engaged in agriculture) 
struggling towards becoming an industrial society, though 
there are a few pockets of affluence constituting a neg¬ 
ligibly small component of the information society. 
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"Do you have a size smaller hood outfit please? He says it’s too 
loose." 



the doctor was here. We talked about inflation, the bomb, 
the price hike and .so on. But / forgot to tell him about my 
exi ruciating stomach pain 


...and of Scientists 

T he father of; the atomic theory, 
the Greek Democritus worked hard 
to persuade people against their beliefs in 
supernatUralism, Once, a citizen with a 
bare, bald head, met with an accident on 
the road. A tortoise had fallen upon his 
head ami killed him. The people who 
gathered there, so the legend tutys, saw an 
eagle (believed to be a bird of the god 
Zeus I hoveHrtg over fbe dead body. They; 
thought that the death was a ^divine ; 
portent". .When the rumour j>^fiehed; 
D^moefitos. he ibid ^m; *'Eagle$ like j 
the-rgeat of the toiitd^. bid som ^ 
jliAd#dd^cidt / 

-They 
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available the meat. The eagle had simply 
mistaken the man's bald head for the 
splendour of rock'*. 

F ew people 
who knew R. 

Millikan as a stu¬ 
dent would have 
predicted for him 
a career in sefen^ 
ce. He was head- 
iti| for a schol^- 
ship in Greek 
*sies. One dky 
idihe still study^ji Millikan 

for his degree^ he was asked by his Greek 
teacher to teke elementary physics clas- 
bedtated beca^^^ he was 
ttte Noticing 


his hesitation, the old teacher told hihH 
cncoiiragtiigly. 'You have don'c excelleiH 
work all the year in my Greek class: In 
risk anyone who can do w'hat you hi iiM 
done in that subject to teach physics. 

And then Millikan hud no option but'lH 
take to physics. 

R obert lister ixrformed his firm 

succes.sfiil operation under ether 
December 21. 1S46. in the University 
lege Hospital. London. He had (akenohra 
2s"seconds. After witnessing the pertod^ 
since, the English surgeon James SimpstM 
said; *'This Yankee dodge, gentled^^ 
beats mesmerism hollow.*' ; '3 
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Surgeons in USA have now carried out 
the first ever brain operation on a 24- 
wcck-old fetus, which showed signs of 
hydrocephalus. Hydrocephalus is a con¬ 
dition in which too much cerebrospinal 
fluid accumulates inside the skull. This 
causes the ventricles to enlarge, and in 
most cases serious brain damage results. 
About 0.2 per cent of babies suffer from 
this condition. 

Today, hydrocephalus in a fetus can 
easily be detected using ultrasound 
monitors. And if detected, doctors wait 
for the birth of the baby before draining 
off the excess fluid using a minute tube 
inserted into the brain. In most cases 
permanent damage would already have 
been done, and the operation seldom 
succeeds in giving the child a normal 
brain. 

The US surgeons, at Bringham and 
Women's Hospital and the Harvard 
Medical School, both in Boston, 
detected hydrocephalus as usual after a 
routine ultrasound check-up. They 
decided on prenatal surgery because 
they were sure that if left unchecked, it 
would retard growth. After studying the 
fetus with the same ultrasound scanner 
used on the mothdr, they chose an entry 
point for the minute tube at the site of a 
large ventricle, away from the baby’s 
face and eyes. Using the scanner again to 
find their way, they inserted a 22-guagc 
needle through the mother’s abdomeii, 
the wall of the womb, and the skull of the 
fetus to its brain tissue at the point where 
the lluid was collecting. 

In 20 minutes, they had the excess 
fluid completely drained out, and they 
repeated the process half a dozen times 
over the next nine weeks. Gradually, the 
child's skull hardened. Whether the 
child born will be absolotcly normal 
remains to be seen. 
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MAKING FRIENDS IN A BIG CITY 

Can living in a big city make a person 
lonely? Big-city life is characterised by 
impersonality, speed, and often apathy. 
But, can you have as many close friends 
if you moved to a big city the way you 
would in a small town? 

It looks like you can. That’s if you’re 
one who likes to have friends, in the first 
place. Only, making lasting friendships 
in a city takes time, and after that things 
are just the same as in a non-urban 
setting—the results of a study by Karen 
Franck, an environmental psychologist 
and her colleagues at the City University 
of New York, USA. 

The researchers interviewed 45 
graduate students in a New York city 
college, and also 47 students at an 
equally important university located 
away in a small town (population 
31,000). Both groups of students hacT 
more or less similar backgrounds, con¬ 
sidering age, fields of study and previous 
experience of living in urban and non- 
urban settings. 

Franck and colleagues interviewed the 
two groups twice. First, within two 
months of his or her joining college, and 
again, seven months later. At first it 
looked like the small town alone was fun. 
For, the non-urban group reported hav¬ 
ing about twice as many friends (average 
6.3) as the urban students (3.5). 

By the second interview, things had 
changed. The same students reported a 
figure of 5.3 and 5.1 respectively. Which 
implied that it takes time to make friends 
in the big city. Friends, as defined by the 
researchers, were more than mere 
acquaintances—people you do things 
with although you might not consider 
them close. 

The researchers also tried to find out 
other things. For instance, most urban 
students attributed their delay in making 
friends to the ’’higher levels of fear, dis¬ 
trust and uncertainty aroused by meet¬ 
ing strangers in a big city’\ No wonder 
they were more concerned with 
’’increasing vigilance and safety pre¬ 


cautions”. The non-urban group too 
reported obstacles in the way of friend¬ 
ship, many of them attributing it to 
’’scheduling time better” 

Another interesting find was that 
although both groups met their friends 
just as often, the big city group had their 
friends over to their homes more fre¬ 
quently. 

WHY SALT CAUSES BLOOD 
PRESSURE 

Haven't we been told that too much salt 
in our food may give us blood pressure. 
There is evidence for this, and in some 
cultures where salt is not used, hyper¬ 
tension is unknown. Yet, till now, 
nobody had any clue as to how salt 
worked to cause hypertension. 

A hormone, called natriuretic hor¬ 
mone, may be the culprit, according to 
evidence gathered by many inves¬ 
tigators. Natriuretic hormone increases 
the secretion of sodium ions into the 
urine, and there might be some link bet¬ 
ween excessive salt consumption and 
high blood pressure {Science 212 1255). 

There arc some well-known agents 
that act as elevators of blood pressure, 
like for instance angiotensin and 
norepinephrine. But, a well-known 
researcher on hypertension, the late 
Lewis K. Dahl, suggested that there 
could be some agent distinct from these 
well-known ones. Dahl published this 
view in a report in 1969, but did not 
follow that up. 

Evidence for the existence of nat¬ 
riuretic hormone first came from studies 
involving both animals and humans with 
excess blood pressure. Several resear¬ 
chers found that when the blood vol¬ 
umes of animals were increased, 
experimentally, it (the blood) contained 
a factor that increased sodium ion excre¬ 
tion by the kidney. Such a factor was 
seen in human blood as well, in patients 
suffering from uremia, an ailment when 
the kidney malfunctions and is unable to 
get rid of toxic materials and water from 









the body. There is mounting evidence 
that this factor is natriuretic hormone. 

However, it may not be wise to eat 
tasteless food without any salt. For^ salt 
may not cause most people any harm. 
Because, most of the investigators 
believe that by itself the hormone cannot 
cause hypertension, unless a person is 
genetically predisposed to develop the 
disease. And, incidentally, too much salt 
would be an amount in excess of three 
grams per day. 


THE GREATEST STAR 

So far the mightiest star known was HD 
93250, a star in the Milky Way some 
10,000 light years away and 120 times 
the mass of the Sun. The HD has now 
almost lost its title. The new champ is 
Radclific 136 (R 136). R 136 is ten times 
as luminous as HD 93250. It is in the 
heart of the Tarantula Nebula which is in 
a neighbouring galaxy called the Large 
Magallenic Cloud. It is 200 to 1,000 
times heavier and 30 million times more 
luminous than the Sun. And its surface 
temperature is 55,000®C (the Sun's is 
6000®C). The ultraviolet radiation from 
this superstar is enough to ionise the 
entire Tarantula Nebula. 

Till recently, R 136 was thought to be 
a close cluster containing between 50 
and 100 stars. But, according to obser¬ 
vations by J.V. Feitzinger and T. 
Schmidt-Kalcr at the European South¬ 
ern Observ atory (FSO), in Chile, the cen¬ 
tral radiation emitting source of Taran¬ 
tula Nebula is less than three light years 
in diameter. This means the distance is 
too small to accommodate the post¬ 
ulated cluster of 50 to 100 stars. The ESO 
astronomers are double-checking to 
make sure it is a single object. Qnly then 
can R 136 be crowned. 

MULTIPLE SCLEROSIS: LOOKING 
FOR THE CAUSE 

Giddiness, disorders in the coordination 
of body movements, in speech, sight and 
hearing, and paralysis, arc all symptoms 
of a vicious disease suffered by about 
two million people in the world today. 
Described scientifically for the first time 
129 years ago by a Frenchman called 
Jean M. Charcot, multiple sclerosis (ms) 
is apparently a type of civilisation dis¬ 
ease. This assumption is based on the 
fact that it frequently occurs in countries 
with a high standard of hygiene. For 
instance, there are about 500,000 per¬ 
sons suffering from ms in North 
America, and some 100,000 in West 
Germany. 


THE WINNING 'SUITOR’ SPERM 

The miracle of conception still remains 
an enigma. How does a sperm fertilise an 
egg? Researchers at the Johns Hopkins 
University School of medicine in Bal¬ 
timore, USA, are looking for the 
answers. They are studying the process 
of conception in sea urchins, because fer¬ 
tilisation in these creatures occurs exter¬ 
nally and is replicable in test tubes. 

They've found that the sea urchin 
sperms bind to specific receptors on the 
surface of the egg (top). Yet, the chief 
mystery remains. Why does only one 
sperm out of thousands of them (right) 
get into an egg surface?AIl the others 
move away from the egg surface and die. 


ference on this disease at Gottingen 
University recently, interest was 
tocussed on the interaction of nerve and 
glia-cells. This interdisciplinary project, 
involving cytobiologists, geneticists, 
neurologists, physiologists, immunolog¬ 
ists, pathologists, neurobiologists and 
virologists from six different countries, 
sought to reach a basic definition of this 
illness and to indicate further ways of 
conducting research into it. 

In the case of healthy human beings, a 
fatty substance, rich in protein (known 
as myelin), covers the nerve fibres. Each 
segment of these fibres is completely 
embedded in lamellar myelin. The 
myelin s task is to isolate the nerve fibres 
electrically and to make the further con¬ 
duction of nerve .signals possible. If the 
isolation is missing, the propagation of 
the impulse is disturbed. The 
“oliodcndrocyto-cells", each of which is 
allocated to a nerve segment, are 
responsible for the manufacture of the 
myelin. 

In the case of ms, the myelin is des¬ 
troyed and replaced by useless, "sclero¬ 
tic" tissue. One of the participants 



known what actually causes multiple 
sclerosis, riie intensive search for an MS 
virus has, admittedly, revealed that MS 
patients possess antibodies against vir¬ 
uses which one docs not find in normal 
patients. But not one ot these viruses has 
turned out to be the illness causer. 
Even so, the hypothesis that a virus 
could play a part is still not being ruled 
out. 

Further research is being facilitated by 
the fact that it is now possible to trigger 
off chronic illness in animals which are 
similar to MS and which, as a con¬ 
sequence, permit scientists to examine 
partial aspects of ms problem.s by means 
of animal tests. A substance has also 
been found through which the olioden- 
drocyics can be selectively destroyed. 
Another substance destroys the myelin 
lamellae produced by the olioden- 
drocyles. These seem to constitute 
“enormously potent working models" 

One pointer to the cause of ms may 
well be found in the incidence level of 
this disease since it differs from region to 
region. A striking feature, for instance, is 
the fact that, in relation to the size of 


Despite intensive medical research it 
has still not proved possible to identify 
the causes of this disease, for which 
allopathy has no known therapy at pre¬ 
sent. For the first time at a scientihe con- 


stressed that, by means of phy¬ 
siotherapy, it is possible to achieve an 
improvement in the condition of MS 
patients, but that medicine is still unable 
to treat the basic damage. It still isn’t 


population, the Orkney Islands have the 
greatest number of MS patients in the 
world. 

Be that as it lyay, medicine is still a 
very long way off a basic definition of MS. 








This doesn't mean, of course, that 
methods of treatment have not been 
improved over the years. Observations 
made on some 2,0(K) patients over the 
last 20 years have shown that there are a 
good number of non-malignant MS cases. 
After ail, some 30 per cent of these 
patients are pursuing a profession. An 
estimated 10 per cent are suffering from 
the non-malignant variety of MS which 
makes its presence felt only inter¬ 
mittently. Only about four per cent of 
the MS cases arc actually malignant, lead¬ 
ing to death within a period of five years. 
Happily, life expectancy of Ms patients 
has doubled in the last 40 years. 

POOR SLEEP DOESN'T 
MAKE YOU TIRED 


Poor sleep, or what one considers a 
‘‘short night”, is not the reason for tired¬ 
ness, or the feeling that one’s output is 
consequently impaired during daylight 
hours. It is, apparently, the negative 
attitude to being awake which is the 
cause. People with sleeping problems 
which cannot be attributed to a specific 
cause or im}X)rtant attendant factors 
seem—according to the findings of psy¬ 
chological tests—to be excessively con- 
derned with themselves. Their worried 
thoughts centre too much on their own 
person, and their own mental and phy¬ 
sical well-being. I .css sleep docs not, as is 
so often assumed, automatically lead to a 
drop in personal performance. 

Investigations conducted by psy¬ 
chologists in Munich was provided by 
400 patients who had responded to an 
article in a city newspaper on the treat¬ 
ment ot sleeping disorders. Eighty-six of 
them, aged between 20 and 55, com¬ 
plaining solely or mainly of the inability 
to fall asleep to a point of feeling ill, were 
examined more thoroughly. The result: 
56 of them displayed conspicuous psy¬ 
chic behaviour and personality patterns, 
a good three-quarters stated that they 
felt tired and short of sleep during the 
day, and 65 per cent were consequently 
of the opinion that their waking hours' 
output was negatively influenced as a 
result. 

In point of fact, pcx)r sleep seems to be 
a combination of difficulties in falling 
asleep, waking up during the night, shor¬ 
tened sleep and the personal feeling of 
having had a “bad night”. Contrary to 
the assumption on the part of most 
patients, however, disturbed sleep is not 
only governed by actual length of sleep. 
On average, the 86 persons staled that 
they slept about 5.3 hours but would 
have preferred to sleep two hours 
longer. In the case of persons not com¬ 
plaining ol sleeping disorders, the dif¬ 
ference between actual and desired sleep 
comes to no more than one hour. This 
discrepancy, according to one estimate. 


can be tnoMlMicIf withoiit 
the “systematic" overestimation of the 
actual duration of sleep by the “sound" 
sleepers, and underestimation by the 
“poor" sleepers. 

JUTE REPLACES FIBRE GLASS 

Jute reinforced plastics (.irP) is u new 
appropriate technology developed in 
Bangladesh. 

Eighty-five per cent of Bangladesh's 
foreign exchange earnings come from 
jute. The jute industry there employs 
200 ,()(K) w'age earners and provides cash 
incomes for 10 million farm families. 
However, in recent times the jute indus¬ 
try in Bangladesh has faced heavy 
competition from synthetics. And the 
JRP seems to have saved it (Appropriate 
Techrtolofty 7 4). 

jRP represents a unique breakthrough 
that combines modern structural tech- 


ITAIPU: A PROJECT 
QF SUPERLATIVES 

The largest and most powerful hyd¬ 
roelectric power station in the world—a 
Brazilian-Paraguayan joint venture—is 
to be in full operation from 1988. 

Superlatives apply to this structure in 
every respect. Itaipu, by far the largest 
and most powerful hydroelectric plant in 
the world, represents the project of the 
century for two Latin American coun¬ 
tries in their determined drive to tap and 
utilise the gigantic reserves of their con¬ 
tinent's water power. This mammoth 
project on the Rio Parana is to be com¬ 
pleted by the end of 1988. The power 
station will then supply 75,000 million 
kilowatt-hours of electrical energy year 
after year. 

For this, 18 generator sets will be in 
operation. The ratings of the Itaipu 
generators, each one of which has a 
diameter of about 20 metres and 


i^gy wnh j^tly mi 

and labour. The result; a low-cost con¬ 
struction material suitable for construc¬ 
tion of schools, clinics, warehouses and 
even homes that can withstand cyc¬ 
lones, heavy monsoons and the hot sun, 
common weather conditions in Bang¬ 
ladesh. 

But, in Bangladesh, perhaps the 
greatest boon provided by jri* will be its 
potential to supplement the scarce tim¬ 
ber and expensive reinforced cement 
concrete. 

Initial tests with JRP promises that it 
will be a good substitute for fibre glass, 
.IRP having 82 to 9(1 per cent of the 
strength of similar fibre glass reinforced 
spedmens. A load test showed that JRP 
could withstand a pressure of about 2.5 
kg per sq cm on horizontal urea. 

It may soon be possible to extend the 
technology to cotton or sisal in place of 
Hite in other countries where these are 
more abundant. 


weighs far more than 3,(X)0 tonnes, 
exceed the equivalent sfiecifications of 
almost all water power machinery 
installed to date. 

What you see in the photograph is not, 
as one might think, a new kind of 
orchestra pit, or a concert stage of 
futuristic design. The wide ring in which 
the entire symphony orchestra of Sao 
Paulo, with its 80 musicians and all their 
instruments, has ample room, is part of a 
hydroelectric generator. The picture 
gives an impression of the gigantic 
dimensions: The stator that has been 
“borrowed” for the picture here is about 
six-and-a-half metres high, with a 
diameter of almost 20 metres. Upon 
completion, each of the generators will 
weigh well over 3,000 tonnes. Brazil’s 
power requirements, which arc increas¬ 
ing by ten per cent annually, make it 
necessary to accentuate the use of nuc¬ 
lear power and to tap the country’s hyd¬ 
roelectric potential. 
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E very year plants store about 
10 times the energy the world 
now consumes annually. Photosynth¬ 
esis, by which plants convert solar 
energy to biomass, uses only a small 
part of the Sun’s energy to fix 200 
billion tonnes of carbon into terrest¬ 
rial and aquatic biomass with an 
energy content of 3000 billion giga 
joules every year. At any one time 
biomass stores as much energy as all 
the proven reserves of fossil energy 
sources—coal, oil and gas —put 
together. Yet, even today, only 
ohe-seventh of the world’s total ener¬ 
gy comes from biomass use. A large 
and renewable resource is thus left 
largely untapped. 

But it can be put to work for us, 
and this is something in which na¬ 
tions—particularly developing na¬ 
tions—that have little oil resources, 
are now beginning to get interested. 
This month’s UN Conference on 
New .and Renewable Sources of 
Energy at Nairobi should yield some 
useful solutions to the energy crunch 
that will involve gteaXtr use of 
biomass energy. 


There are also other compelling 
reasons why biomass energy should 
be exploited. Besides contributing 
significantly to the country’s energy 
resources, biomass can provide a 
wide range of chemical feedstocks for 
the organic chemical industry, which 
now come from petroleum sources. 
Biomass, by contrast to fossil 
sources, gives clean energy and its 
wider use will result in a cleaner 
environment and prevent ecological 
imbalance. To a large extent, it will 
also solve soil erosion problems. 

But for a successful biomass ener¬ 
gy programme, adequate biomass 
resources and specific technologies to 
convert them into energy are essen¬ 
tial, not to mention the availability of 
institutional facilities for training 
manpower in the field of biomass 
conversion and biotechnology; more 
so, for a developing country like 
India. Eighty per cent of the coun¬ 
try’s population lives in rural areas 
and nearly 44 per cent of our total 
energy use is based on biomass; we 
will continue to be dependent on 
biomass energy resources. 


1. In fact, the Government of India 
-has given quite a high priority to the 
development of renewable energy re¬ 
sources, particularly to provide addi¬ 
tional energy on a decentralised basis 
and to substitute the use of imported 
oil. Recently, the Minister of State 
for Science and Technology 
announced in Parliament that a Com¬ 
mission on Additional Resources of 
Energy (CARE) had been set up. The 
Commission,composed principally of 
bureaucrats and practically no ex¬ 
perts^ will have powers to make and 
execute policies relating to renew¬ 
able energy resources. The countty 
will, therefore, be watching with 
interest what the CARE will be able to 
achieve __ 

Solar radiation entering 
atmosphere (622,800x 10" J/h) 


Reflected from 
atmosphere 
- 30% ^ 

Absorbed 
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atmosphere 10-15% 

Reflected'^ 
from % 
ground ^S-IO^' 


Evaporation 

- 20 %^ 


Supplied to ground ■ Photosynthesis 
and reradiated - 30% m * (144 x 
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v«rind. ocean currents/ 
etc* total < 1% 

Fig. 1 Solar energy flow and its contribution 
to biomass production 







()iDass, strictly speaktitf, is tte 
crall plant matter which is created 
^ photosynthesis in which the Sun's 
ergy converts water and carbon 
[>xide into organic matter. ITie 
er is mainly made up of cellulose, 
niceltulose and lignin. Aliphatic 
„..|anic building blocks are derived 
cellulose and hemiceliulose, 
lignin can be converted into 
l^^most every type pf aromatic down* 
|#tream products. By extension, 
ijtjtomass can also be taken to cover 
||bvestock droppings, since these are 
|t&rived from plant tissues, 
p The entire organic content of the 
fl^mass can be converted into avail- 
forms of energy. The most 
^ rious example is firewood which is 
till one of the most widely used fuels 
tour country. Fossil fuels were also 
ived from biomass since they are 
fossilised remains of plants that 
^ w some million years ago. 

^ However, on any time scale of 
^'linent interest these represent a 
>n-renewablc energy resource, 
rganic substances, like fossil re- 
iirces, can be converted into almost 
cry kind of chemical derivatives 
synthesis products. Such pro- 
acts include solid, liquid or gaseous 
els, produced by both chemical and 
ilogical processes. 



|i9iotosynthesis and 
Jl^'^omass formation 

Sj Photosynthesis is a perpetual but 
jfMSomplex process by which plants use 
Ijiblar energy to transform the low- 
^l^iumTgy carbon dioxide into energy- 
organic compounds. It is the 
;is of all food chains; it also pro- 
des our bodies with all the oxygen 
S^ai wc need. Oxygen in most food 
“ants, however, has a profound 
act of diminishing potential crop 


yields by the process of photorespira¬ 
tion. In photosynthesis the presence 
of oxygen leads to the formation of 
glycolic acid by an alternative path¬ 
way which results in some of the 
carbon being burnt off as carbon 
dioxide. This is photorespiration and 
it may even burn off up to half of the 
carbon which would otherwise yield 
more plant biomass. If photorespira¬ 
tion were minimised it could lead to a 
large improvement in crop vields. 
Studies in the US and Ul^ now 

E rovide a unanimous ‘yes' to the 
asic question in photosynthesis re¬ 
search; can photosynthesis further 
increase biomass yields? 

Photosynthesis in some plant spe¬ 
cies occurs through the C.^ system for 
photosynthesis, so called because it 
uses a three-carbon skeleton for 
biosynthesis. Rice, barley, alfalfa, 
wheat, cotton, soyabean, peanuts, 
sunflower, etc are typical C, plants. 
Other species that are especially 
adapted to higher temperatures to fix 
carbon dioxide by photosynthesis but 
lack photorespiration are known as 
C 4 plants; they use a four-carbon 
skeleton. These plants (sugarcane. 



carBon dioxide much less or 
even no photorespiration. They are, 
reportedly, also more tolerant to 
high temperature than the plants. 
Hiis mecnanism allows the plant to 
overcome the oxygen-dependent in¬ 
hibition seen in most temperate 
plants. Sugarcane can thus produce 
the highest yi&ld per hectare of any 
cultivated crop due to its combined 
characteristics of the C 4 photosynthe¬ 
tic pathway, a long-growing season 
and indeterminate growth habit. 

While most green plants require 
sunlight to fix carbon dioxide., many 
species native to deserts have 
evolved a third system for fixing 
carbon dioxide at night—the Crassu- 
lacean acid metabolism (CAM), so 
called because it was discovered first 
in the Crassulaccae species. Such 

E lants can drastically reduce water 
)ss since they can keep their stomata 
closed during periods of high temper¬ 
atures and insolation. Therefore, 
CAM plants such as pineapple and 
century plant arc particularly well 
adapted to arid climates. 

So far. only a few plant species 
have been characterised with respect 
to their photosynthetic systems. This 
is essential to evaluate cropping re¬ 
quirements. The biomass and the 
energy yields of some selected plant 
species are shown in Tabic 1 . 

Let us consider the efleets on the 
environment of using biomass ener¬ 
gy, for, the effect of an energy system 
on the environment is equally impor¬ 
tant. in the last one hundred years, 
the carbon dioxide concentration in 
the Earth's atmosphere has increased 
by about 30 parts per million (ppm) 
to an average of 320 ppm; it is 
believed that this has been caused 
only by the increased fossil fuel 
usage. In the last decade alone, the 
carbon dioxide concentration has in¬ 
creased by about 10 ppm. Wc don't 
yet know how the increased carbon 
dioxide in the atmosphere is going to 
affect the climate. Some believe that 
it could have a "greenhouse effect" 
Carbon dioxide being opaque to infra 
red, would reflect back the solar 
radiation that is normally reflected 
back into space by the Earth and 
gradually increase tne temperature of 
the Earth's surface. A temperature 
rise of only a few degrees could warm 
the upper layers of oceans and cause 
a rise in the sea level; the cultivated 
areas would shift towards the Earth's 
poles, and probably the polar ice 
caps would melt. 

We can avoid all this by burning 
biomass, or synthetic fuels derived 
from it. It would not alter the 
ambient carbon dioxide concentra¬ 
tion if the biomass consumed were 
replaced by short-term growth of 




cwbon dioxide ftm the kinoqihere, 
biomass use would simply restore this 
carbon dioxide to the atmosphere. 
Thus, no new carbon dioxide would 
then be added through bioma$s-to- 
energy systems. All operations would 
be carried out above the surface of 
the Earth, leaving the carbon dioxide 
level of the atmosphere undisturbed. 

Biomass energy is thus, environ¬ 
mentally, a very acceptable resource. 
The wider use of biomass for de¬ 
velopment, therefore, would result in 
a cleaner environment, offer minimal 
ecological imbalance and provide the 
means to recycle nutrients and car¬ 
bon dioxide from the atmosphere. 

Biomaes rosourca baaa 

Biomass thus includes both terrest¬ 
rial as well as aquatic matter that may 
be burned or converted into fuels. It 
can be grouped into three broad 
categories—new plant growth, plant 
residues and waste. New plant 
growth includes wood, short-rotation 
trees, herbaceous plants, convention¬ 
al crops as well as fresh water and 
marine algae, and aquatic plants. 
Residues include not only crop mate¬ 
rials such as straws, husks, oagassc 
and corn cobs but also animal drop¬ 
pings and forest or wood-based mate¬ 
rials like bark, saw dust, shavings and 
roots. Waste comprises materials 
whibh must, normally, be disposed of 
at some cost—like garbage, night 
soil, sewage solids and industrial 
refuse. 




RMidues and waataa 

Biomass resources include agricul¬ 
tural and forest residues. Of these, 
the availability of agricultural re¬ 
sidues, such as rice husk and straw, is 
related to agricultural productivity. 
In India, the availability of the major 
components of these residues is of 
the order of 204 million tonnes 
annually. Of the total area of 75 
million hectares already under 
forests, 45.6 million hectares (60 per 
cent) arc being used and another 14.8 
million hectares (20 per cent) are 
potentially exploitable. According to 
the 1969 Indian Forest Statistics, the 
growing stock of forests alone is 
estimated at 2 billion tonnes; of this, 
the forest residues consisting of 
leaves, branches, tons of felled trees, 
thinnings, etc are ot the order of 3.3 
million tonnes. 

A large number of organic chemic¬ 
al industries produce liquid effluentya 
major part or which is biodegradable, 
and could become a sizable biomass 
resource base. Food processing in¬ 
dustries, canneries and freezing 
plants, sugar mills, slaughter houses, 
meat packing plants, tanneries. 


can a&i 

provide such effluents. 

Night soil, another material that/ 
today largely goes waste, when 
supplemented by nearly 25 per cent 
dung and 25 per cent aquatic biomai^y 
like water hyacinth and algae, and 1^;^ 
agro-residues like rice husk or strawr^l^ 
could become a massive renewah|!eij 
feedstock for a steady supply qif| 
biogas to the rural community. Thin| 
can also become a radical way dt\‘ 
solving our severe rural sanitatio^:^ 
problems. However, handling nigHil? 
soil is not an elite job and so tnj& i 
large and stable resource continue^^ 
to remain unexploited in India. 

By contrast, China has demons*,, 
trated its successful use in a bie way,! 
China has over seven million bioga$ 
plants (India has about seventy;; 
thousand) which use biomass feea- 
stock in the form of agricultural, 
animal and human residues — animal; 
manures, human faeces and urine.' 
The system is not only a good 
approach to solve the fuelwood ertsia 
in China but also provides a so3 
conditioner which increases food 
production. It even reduced diseases, 
due to a hygienic disposal of night ’ 
soil and the destruction of pathogens,^ 
by up to 90 per cent in some areas.. 
Low cost digesters costing about Rs, J 
250 (about $^0) have been built to 
suit local, conditions and to bring: 
them within the financial reach of an < 
average Chinese family. 

Animal dung can become an im-. 
portant resource in India, too, pro-, 
viding India with energy in the form 
of methane (popularly known as, 
biogas) for, India has nearly one-fifth: 
of the world's bovine population— 
about 175.6 million cattle and 52.9. 
million buffaloes. ‘I'he average out-, 
nut of their wet dung is around 1.3 
billion tonnes per year. If this were 
used for biogas production, the gas, 
about 152 million cubic metres (3.4 x 
Iff giga joules), would be equivalent: 
to the total quantity of kerosene' 
consumed in the country (valued at 
Rs. 113 million). Additionally, 1.5 
million tonnes of organic manure will 
also be available from this dung, 
which is approximately 39 per cent of 
all the total synthetic nitroeen- 
phosphorus-potassium (NPK) fertiliser 
used in the country in 1980-81. 

Energy forests 

Farm forests, an important 
biomass resource, can go a long way 
to resolve our present fuetvood 
crisis, for the demand for fuelwood 
has grown far faster than its supply.' 
The magnitude of this fuel crisis is 
immense. Forests in developing 
countries arc being consumed at a; 
rate of 1.3 per cent of the total forest 
area, or 10 to 15 million hectares pet? 


Science Topay, August 1981 
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^,ifear. This problem is most serious in 
iwmi-arid and mountainous areas 
I’H/liere, as fuelwood supplies are ex- 
Jousted, even animal and crop re- 
^dues have to be burned, depriving 
the soil of valuable nutrients and 
"organic conditioning material. Yet, 
'technically and economically sound 
means alrcadv exist both for refore- 
;titation and (or improving the effi¬ 
ciency of burning wood and other 
fuels. 

About 50 million hectares of fuel- 
wood would have to be planted in the 
developing countries by the year 
2000 to satisfy the projected demand 
for domestic cooking alone. If the 
^'pace of tree planting around the 
world is not greatly accelerated, 
then, says a World Bank report, “by 
4he turn of the century, at least a 


energy purposes. Single-stem trees 
are already being used for most 
commercial wood production. Both 
thinnings and residues from commer¬ 
cial forests, and single-stem trees 
grown on farm forests, especially for 
high short-rotation yield, are impor¬ 
tant. 

In coppicing, trees are encouraged 
to grow with several, rather than 
one, main stem. Coppiced trees are 
the result of a particular management 
practice. Established coppice grows 
much faster than single-stem trees in 
the first years of growth. It can be 
repeatedly cut down to the ground 
and still grow again. Important spe¬ 
cies of fast-growing trees in India for 
coppice plantation are Populus (pop¬ 
lar), Nothofa^us (southern beech), 
Alnus (alder), Salix (willow), Eucaly- 


cornesponcis td iinncreafte df ^ fsidr 
cent or savings in toe in this period. 

Hydroearbons and oila 
for energy 

Plants such as Euphorbia, Guaya- 
le, Ascelpices (milkweed). Jojoba 
and Apocynaceae (dogbene) produce 
complex products such as latex, 
waxes, resins, terpenes and several 
hydrocarbons, which could replace 
petroleum as a source of chemical 
feedstocks. Jojoba bean oil, for ex¬ 
ample, can substitute for spermwhale 
oil in cosmetics, drugs, plastics, in¬ 
dustrial lubricants and waxes. These 
hydrocarbon plants would grow 
mainly in semi-arid regions without 
competing much with food crops. 
Organised plantations of euphorbia 
can even yield as much as 25 barrels 
of hydrocarbon oil per hectare per 
year. Babasu fruits yield 1 to 3 tonnes 
per hectare per year. 

Edible and non-edible vegetable 
oils can also be used as fuels, particu¬ 
larly for diesel engines. They can be 
extracted from a multitude of 
plants—from legumes (soyabean and 

f round nuts), palms (oil palm and 
abasu) and nuts (sunflower) and 
also from castor bean, tobacco seed 
and rape seed. Because of their use 
as edible oils and their shortage, it is 
important to search for non-edible oil 
plants for energy purposes; some of 
the important varieties arc neem 
(Azasairachta indica), mahua 
i Madhuca indiva), kusum 
(Svhleichera irijuf>a), sal (Shorca 
robiis(a) and kokum (Garcinia in- 
diva). Non-edible oil seeds can be 
used in the manufacture of soap. 

Table h Dry biomass yield and energy 
equivalent of selected plant species 


i further 250 million people will be 
without wood fuel for their minimum 
cooking and heating needs and will 
: be forced to burn dried animal dung 
; gnd agricultural crop residues, there¬ 
in further decreasing food crop 
yields". In Asia (including India), 
where serious erosion problems have 
• already occurred, we should not be 
satisfied with merely increasing the 
,:40tal planting. Special efforts must be 
made to combine these increases in 
planting with measures to control 
erosion. 

Little attention has so far been 
paid in India to growing wood for 
energy purposes. Fast growth and 
ht^h fields are the most important 
criteria for energy plantations. 

, Selected species of immature trees of 
’^between five and 15 years growth are 
, considered suitable feedstock for fuel 
production. Two different methods, 
$mgle-stcm trees and “coppicing". 
Can be used in growing trees for 


plus (gum), etc. 

Cropping energy 

Energy crops are another impor¬ 
tant biomass resource. Plants that 
have good potential include sugar¬ 
cane, sweet sorghum, cassava, soya¬ 
bean, sunflower, euphorbia, woody 
lants, napier grass and the water 
yacinth. The concept of silvicultural 
energy farm (short-rotation tree 
farm) can be used to optimise the 
output of these plants. Production of 
silvicultural energy crops may re¬ 
quire a smaller input of resources and 
energy than conventional farm crops 
for comparative yields. In Ireland, 
for instance, short rotation forestry 
has been selected as the most suitable 
energy crop. According to the Irish 
estimates, energy crops can give 
annual energy savings (at 0.37 tonne 
of oil equivalent (TOE) per tonne of 
dry wood) of 3.70 million tonnes on 
8(K),000 hectares of land as a result of 





fatty acids, etc. Some can also be 
processed into edible products. 
Ncem cake, the residue left after 
extracting oil from seed is an excel¬ 
lent fertiliser, several times richer in 
plant nutrients than manure. The 
Drazilian experience (see box) is » 

f ;ood, case which deserves trial in 
ndia. 

Sunflower seed oil is a highly 
suitable extender of diesel fuel. 
South Africa, for example, produces 
400,000 to 5(X),0<K) tonnes of sunflow¬ 
er seed a year/mainly for cooking oil. 
marprine and animal feeds. Cur¬ 
rently 4.3 million hectares of maize 
are planted but with improved agri¬ 
cultural practices, the same yield can 
be produced on about 3.0 million 
hectares, releasing 1.3 million hec¬ 
tares for the production of sunflower 
seed oil, giving nearly 600 litres of 
sunflower seed oil per hectare. 

Since the oceans cover about 70 
per cent of the Earth's surface they 
receive most of the solar energy 
reaching the Earth. Marine plants 
such as water hyacinth, kelp and 
duckweed can of course give fuel in 
the form of methane, ethanol and 
hydrocarbons; besides, they can also 
be used as fertiliser and as a source of 
chemicals. Ocean farms arc therefore 
another pathway to biomass energy. 

Many potential biomass feedstocks 
have been identified and the possible 
routes of their utilisation are now 
fairly well established (Tables'). The 
possible combinations of biomass 
feedstock^ conversion technologies 
and end products are, however, too 
numerous to be considered here, 
hence our detailed discussion will be 


eodi^^ Ip mo importa^ 
hols-—ethanol and methanol—and 
methane, the energy component ot 
biogas. Ethanol and methanol are 
also ^uite suitable as a source of 
chemical feedstock for a wide variety 
of downstream products which are 
today derived from natural gas or 
naphtha. 

The total energy contained in some 
selected biomass resources (Table 1) 
indicates that a major portion (about 
57 per cent) of the commercial ener¬ 
gy demand during 1987-88 (estimated 
at 500 million tonnes in terms of coal 
replacement) can be met by these 
resources if production is organised 
properly, mainly through bioconver¬ 
sion routes. 


Extracting energy: thermochemical 
conversion 

Technologies to convert biomass 
into energy fall into two general 
categories—thermochemical and 
biological. Thcrmochemical proces¬ 
ses use high temperatures to convert 
biomass by direct combusion. 
pyrolysis, gasification and li¬ 
quefaction. By contrast, biological 
processes involve enzymatic break¬ 
down of biomass by micro organisms 
at low temperatures and pressures. 



Table3^ Biomass to biofuels status—'production and conversion 
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direct combustion, the hyd- 
S^n and carbon in a fuel combine 
Mth oxygen, a process which releases 
This is the most common ther- 
niK^hemical method of converting 
Sioniiass to energy. Biomass bums in 
^Pi^e successive but overlapping 
wages, first, the contained water 
li^aporates, then there is distillation 
;||i^ probably combustion of volatiles 
Md finally the high temperature 
Miction ot fixed camon with oxygen. 
ilDtily the last two steps release heat 
'klld provide us with energy. Direct 
l^ombustion of biomass provides the 
ll^jority of the rural population of 
world with energy for cooking 
li^d heating. Wood is burnt daily in a 
^ajwty of ways all over the world— 
Hi open fires, simple cooking stoves, 
ll^tch oven^and sophisticated pack* 
boilers and fluidised bed units. 

|£ Open fires, widely used in India, 
wtiver only 5 to 10 per cent of the 
KVatlable energy for cooking. The 
l^^ciency of wood burning stoves can 
increased to an overall efficiency 


increased to an overall efficiency 
^<0 between 20 and 30 per cent. This 
>|pni reduce not only requirement of 
Huelwood by S to lO-fold but also the 
energy and money that the 






of constnictkm. 

Eveiyda^, municipal, conmcKtal 
and liaht mdustrial wattes ate con* 


"litWrd World population now has to 
;;|pend on collecting fuel and occa- 
^imnal explosions. Direct combustion 
;)||Ait8, which allpw up to 80 per cent 
■l^rgy recovery, can be built. Pro¬ 

'>PiQ. 2 Swimming in reclaimed sewage. The 
IHiad entirely with reclaimed sewage water. 





duction of charcoal from wood, as 
well as briquettes, pellets and chips 
of wood and of agricultural and 
other plant residues can further save 
energy. 

Besides these traditional uses, 
direct combustion is industrially used 
for generating steam and electric¬ 
ity. However, direct combustion of 
biomass often requires carefully tai¬ 
lored equipment to satisfy''the con¬ 
straints imposed by the properties of 
biomass feedstocks. High ash fuels 
for instance can lead to slaggering in 
boilers. The heating value of the 
biomass may also be low due to high 
moisture and ash contents. Variation 
in feedstock composition and size 
distribution also creates difficulties in 
controlling combustion. Finally, 
biomass causing high corrosion or 

Indian Creak reservoir in California, USA is 

not only safe to swim in, but also to drink 


verted to energy in about 4S0 mass 
burning facilities throughout the 
world by direct combustion. Over ^ 
per cent of the world*8 solid waste is 

S roccsscd into energy by a mass 
uming, refuse-fired energy system. 
Japan has many such systems to 
process waste. Very little of such 
technologies are used in India. 

Pyrolytis 

Pyrolysis, another process of ther¬ 
mochemical conversion, is broadly a 
system which thermally decomposes 
carbonaceous materials. It has, un¬ 
like direct combustion, at least one 
zone in which the thermal decom¬ 
position takes place in the absence of 
oxygen. Pyrolysis can be based on 
either coal or biomass. All thrpe 
phases of products are generated, 
solid char, a noncondensable gas and 
an organic liquid-oil (Table 5). 
Oxygen is only required in small and 
measured amounts to support com¬ 
bustion which releases just sufficient 
heat to initiate the endothermic 
(energy-consuming) pyrolysis pro¬ 
cess. Some examples of pyrolysis arc 
the destructive distillation of wood 
and other agricultural products to 
produce methanol, charcoal and gas 
with a low to medium joule value. 

Pyrolysis is usually carried out at 
near atmospheric pressures and tem¬ 
peratures of up to about 11 owe. 
Several factors,such as the final tem¬ 
perature, the type of biomass, the 
rate of heating, the proportion of 
oxygen present, and the equipment 
design all affect the yield and the 
product make up. Generally, char¬ 
coal yields are 30 to 40 per cent of the 
dry biomass feed. Gaseous product 
yields, based on the weight of the dry 
mass fed, range from 5 to 20 perxent 
depending on temperature. The main 
constituents of the gas are usually 
carbon monoxide, carbon dioxide, 
hydrogen and methane with higher 
proportions of hydrogen at elevated 
tei^ratures. 

The liquid product, which is low in 
the troublesome sulphur, ash and 
nitrogen,can be as much as 23 weight 
per cent of the dry feed. It is com¬ 
posed of phenolic tar and an aqueous 
solution of pyroligneous liquor 
(mainly acetic acid, methanol and 
acetone). After removal or neutral¬ 
isation of the acid, the liquid can be 
used as fuel. Tar can be separated 
from the aqueous phase by distilla¬ 
tion or extraction. The charcoal pro¬ 
duced is also low in sulphur and 
nitrogen, and much easier to store, 
transport and distribute than the 
biomass fedstock itself. Of course 
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the energy value of the char is lower 1 
than that of the biomass and the gsLs 1 
is also of low to medium joule value. J 
Gasification 

In gasification, another process of ;j 
thermochemical conversion, organic ] 
matter is thermally decomposed with | 
the help of an auxiliary gas such as,-;! 
air, oxygen and hydn^en to yield; 
only gaseous products. The industrial ^ 
generation of producer gas from sub^^l 
bituminous or anthracite coal is now ";* 
more than a century old. Char and.^ 
lar are converted at high tempeTa**;;;! 
lures into gaseous products, A lot of; 
heal is needed and some air is intro->j! 
duced to cause partial combustion 
situ. Char is very active and may be j 
rendered into gaseous products by ; 
reacting with steam to give carbon^^ 
monoxide and hydrogen. 

l ar may also be dissociated in the I 
Same way. Enough steam is available , 
in the system because of the initial . 
moisture content and the released 
volatile gases. The reaction is in¬ 
duced by the steam to provide heat. 
Heal again can be produced by par¬ 
tial combustion of the gases in the j 
presence ol oxygen or air. Other 
reactions, such as the reduction of ; 
carbon dioxide to the monoxide 5 
occur. At this point no more solid or i 
liquid remains, except mineral " 
ashes, and, because ol the prevailing 
high temperature, the resultant gases v 
arc driven off. 

The heating value of the gases ; 
depends on the process conditions, 
the more the air introduced to give 
heat by partial combustion of the 
gases, the higher the proportion of 
the non-combustible gases and nit-, 
rogen coming from the air. About 14 . 
to Jb.7 giga joules per Nm' can be’ 
obtained from a tonne ol charcoal. A 
C'lerman firm (Imbert GmBlI) has^ 
even developed a range ot gas clcc^ | 
trie generators having 11) to 1(),(KK>- 
kVA capacities for gasification units 
for use in road vehicles and tractors,;; 
The gasifiers arc highly efficient and .* 
eliminate tar and dust problems. One: 
kilolitre of petrol and 2 kilolitres of 
diesel can thus be replaced by 2,5i 
tonnes and 3 to 3.5 tonnes of dry^ 
wood* respectively. 

I’hc conversion of dry organic re-, 
siduc to the cold, clean gas is 65 to 75 
per cent efficient. The generation of' 
electricity with an aiternutor and dual 
fuel engine is about 35 per cent 
efficient, giving a combined efficien¬ 
cy of nearly 25 per cent, compared to 
the 30 to 35 per cent obtained when 
electricity is produced from steam 
generated directly by biomass. 

Liquefaction 

Another technique that uses high 
temperatures to convert hiomass^is' 
liquefaction. It can be both a direct 
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|||f'indirect pircK^s of 
Ipcal conversion. The former is 
pstially catalytic, the feed being first 
(jH^nvericd into a gaseous intermedi- 
lete from which liquid fuels are then 
;tynthesiscd. in one of the direct 
^liquefaction processes^ the biomass 
j)Murry containing the catalyst is fed to 
'it high pressure (but not more than 
f280 kg per sq cm) and medium 
ijiemperaturc (34()"C) reactor where 
liquefaction reactions take place in a 
i;reducing gas atmosphere (with car- 
monoxide and/or hydrogen also 
.being fed to the reactor). A series of 
^Complex reactions occur simul- 
^laneously—pyrolysis, gasification 
^nd volatilisation. Hydrogasification 
'by pyrolysis in the presence of hyd- 
j^tdgen produces mainly methane and 
^ater. The gas, containing the com- 
jbustiblesjs removed and can be used 
;'|ts a heat source to pre-dry the wood 
|Ceedstock/11ie liquid-solid mixture is 
Ifhen separated by distillation. The 
Itottoms cemtaining residual solids 
.lean be recycled together with a por- 
^lion of the oil which is not removed 
iM product. After the oil product is 
!^^parated, vacuum distillation would 
(allow a product as desired. The 
j|)roduct composition will, of course, 
^depend on the biomass feed. 

i In the indirect liquefaction pro- 
'■cess, there are two stages. In the 
'first, the biomass is gasified to an 


mtermediaElie species Wmeh bi Wb 
second is converted to methanol, 
gasoline or polymerised liquid hydro¬ 
carbons. The intermediate mixture 
could be synthesis gas (carbon mono¬ 
xide and hydrogen), light olefins 
(ethylene and propylene), etc. 
Metnanol synthesis has been in wide 
commercial production for many 
years. Most methanol production to¬ 
day is based on natural gas as the 
feed source. This generally requires a 
higher hydrogen to carbon monoxide 
ratio than a biomass gasification unit. 

Only methanol is being considered 
as a prospective alcohol to be derived 
from biomass by thcrmochcmical 
means. At present, methanol from 
wood would be more expensive than 
that from coal, partly due to the 
smaller scale of piomass units. 
Nonetheless, there are opportunities 
to decrease the costs. Clustering the 
gasification units near biomass 
sources and transterring the gas to a 
central methanol unit could greatly 
reduce cost. The Mobil Corporation 
has also developed a process for 
converting methanol and other 
aggregates into high octane gasoline: 

n(CH30H)-(-CH,-)„ + 

nll.O 

With methanol feedstock a zeolite 
catalyst allows a yield of about 85 per 
cent of hydrocarbons (gasoline) con- 


taitfing lid ocuilptolimi 

heavier than Cm. 

Biologital eonvarslon 

In contrast to thermochemical con¬ 
version processes, biological conver¬ 
sion processes are less energy-inten¬ 
sive, and take place at near atmosph- 
eric pressure at low temperatures (30 
to 8()"C). Biological conversion en¬ 
tails an energy-yielding enzymatic 
breakdown of biomass by selected 
species of microorganisms. The 
product can be gaseous and liquid 
fuels, food, animal feed, fertilisers 
and other chemicals. 

Biomethanation 

Biomethanation is an important 
biological conversion process yield¬ 
ing methane. It converts biomass in 
the absence of oxygen (by anaerobic 
digestion) to methane, popularly 
known as hiops, leaving a .stabilised 
residue which makes an excellent 
organic manure. Traditionally in use 
for about a century, biomethanation 
is a very complex process which only 
recently is beginning to be under¬ 
stood. Basically anaerobic digestion 
consists of three phases: the enzyma¬ 
tic hydrolysis of biomass, organic 
acid formation, and methane genera¬ 
tion. The lt)tal process requires a 
symbiosis of acid-forming and 
methane - forming microorganisms. 
The reactions of the two groups must 
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come unbalanced, the digestion pro¬ 
cess fails. 

Methane production here is furth¬ 
er influenced by three main factors— 
the nutrient components of the 
biomass substrate, the temperature 
and the pH, Carbon and nitrogen arc 
essential for bacterial metabolism, so 
the suitability of the materials for 
methane production is based on their 
carbon/nitrogen ratio, which should 
be around 30 for optimum produc¬ 
tion. 

rhcrc arc two types ol methane- 
forming bacteria, requiring different 
temperatures for optimum growth. 
The mesimhilic organisms grow best 
around 35"C, while the thermophilic 
organisms find an optimum tempera¬ 
ture around Methane produc¬ 
tion decreases rather drastically as 
the temperature drops below opti¬ 
mum level so that temperature con¬ 
trol is a must for good yield. As a 
thumb rule, methane production 
drops by 50 per cent lor everv ll'C 
decrease in temperature. A pH 
range of 6.7 to 7.6 is normally ade¬ 
quate. 

Theoretically, in biojjas plants, the 
fermentation of cellulose (the chief 
ciMistituent of plant tissue., should 
give off equal amounts of methane 
and carbon dioxide, but actualls, 
part of the carbon dioxide produced 
remiiins fixed on organic or mineral 
bases or remains dissolved in the 
water. Hence, bitigas produced trom 
farm residues consists of 55 to 65 per 
cent methane and 35 to 45 per cent 
carbon dioxide along with 0.3 per 
cent nitrogen, up to 1 per cent Ind- 
rogen, up to I per cent oxygen* and 
traces oi hydrogen sulphide. The 
hiogas produced in a well lunctioning 
digester may have a heat value of 
22.92 mega joules per cubic metre 
(compare the value for natural gas- 
39.58 mega joules per cubic metre). 
The energy value of the biogas can be 
increased by removing carbon diox¬ 
ide by passing the gas through water. 
The gas may be used to provide heat 
in stoves or space heaters or for work 
in internal combustion engines. 

11 biogas IS to he used in engines, 
hydrogen sulphide, the ni*ost corro¬ 
sive component present in biogas of 
any origin, must normally be re¬ 
moved by the sponge iron process. 
The use of hiogas as a diesel 
substitute has been sueccsstui by 
mixing 85 per cent hiogas with 15 per 
cent diesel in engines to run tractors 
and other agricultural implements; 
this system has become popular 
among farmers. 

When cowdung is used in hiogas 
plants, an output of 0.063 cubic 
metre of biogas per kg of cowdung 
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processes 


digested is possible. This is equiva¬ 
lent la 120 cubic metres of methane 
per tonne of volatile solids digested. 
Better outputs are reported from 
speeiallv grown plants like water 
nyacinth. However, tor practical 
reasons the methane yields are nor¬ 
mally* within KM) to 140 cubic metres 
per tonne of volatile solids 
digested— an efficiency of about 20 
to 25 per cent. 

Besides animal dung, current re¬ 
search cflorls arc also being concen¬ 
trated on other biomass materials 
such as rice husk, straws, aquatic 
plantSjCtc, either alone or in mix¬ 
tures. Digested biomass, an excellent 
manure and a good soil conditioner, 
contains 2 per cent nitrogen, 1 per 
cent phosphorus, 0.7 per cent potash 
and 50 to 70 per cent of organic humus. 

Digestion of mixed residues 
(gobar, water hyacinth, algae, elc) 
gives greater overall efficiency, both 
in terms of energy recovery as well as 
the fertiliser value t>f the digested 
residue. A mixed residue resulted in 
a 2.3’-fold increase in methane pro¬ 
duction as compared to cowdung 
alone. The separation of acidogen- 
ic and methanogenic phases and the 
application of multireactor system 
have been demonstrated to provide 


even greater overall efficiency. A , 
methane yield of 230 cubic metres pef 1 
tonne of volatile solids digested ha$; 
been achieved in the latter system as 
compared to 159 cubic metres ptf 
tonne of volatile solids digested, 
mostly reported (Tabic 6). 

Ethanol fermentation 

Besides biomethanation, the free ■ 
sugars present in many crops like . 
sugar cane, sugar beet, grapes and 
mahua can be transformed into etha¬ 
nol hy fermentation with the help of 
yeasts, for example, Saaharomyces \ 
ccrcvisiae and bacteria, for example, 
Zynumwnas mohilis. I'his is a well, 
established route of bioconversion. 
Starchy materials like potato, 
cassava, corn mai/e, barley, sweet 
sorghum, etc can also be transformed 
into ethanol through acid or acid- 
enzyme action, or a two^tep enzyma¬ 
tic action of -amylase and amylog- 
lucosidase which is the most common 
practice. 

Agricultural residues having low 
sugar or starch contents arc princip¬ 
ally composed of three organic con¬ 
stituents: 30 to 45 per cent ccllulose, 
20 to 40 per cent hcmicellulose and 
20 to 30 per cent lignin. 'I'hc cellu¬ 
lose and hemicellulose components 




PIK be converted into sugars by either 
licid or enzymatic hydrolysis. The 
/^enzymes, such as exoglucanasc, en- 
Vdogtucanase, B- glucosidase and xyla- 
f^flases^ derived principally from fungi, 
'^hydrolyse cellulose and hemiccllu- 
?lose to principally glucose and 
; xylose sugars. Some other bacteria 
.are able to convert cellulose directly 
into ethanol, though yields are very 
low. 

Over the last few years consider¬ 
able advances have taken place in the 
bioconversion of cellulo.sic residues 
into ethanol and other chemicals. 
Ethanol is an important feedstock for 
the manufacture of a large number of 
chemical derivatives, polymers and 
solvents, etc. Ethanol gasoline 
. blends (20 per cent ethanol and 80 
v per cent gasoline), popularly known 
i a$ gasohol, are currently being used 
in Brazil and the USA in transport 
vehicles with a view to saving gasoline 
(see SriEN( c Today. September 
1980, p. 41). Ethanol is also being 
used in some places as a total 
replacement for gasoline in motor 
cars without much change in the 
power output. Some of the potential 
uses of ethanol and other degrada- 
{,t*on products of the lignoccllulosic 
fresidues arc shown in Fig. 3. 

When wc have to set up a large 
energy conversion process (Ihermo- 
chemical or biological) to obtain fuel 
or heal from biomass residues wc will 
have to lake into account a number 
of critical lactors; the nature and 
.quality of energy needs, the availabil- 
: ity of organic residues to feed the 
' plant, and the size of conversion 
"plant. Above all, we will have to 
|. fonsider conversion efficiency. If the 
^' initial moisture content of biomass is 
high, an increasing part of the energy 
i in the dry (thermochcmical) proces- 
; scs IS used to remove water. The 
; available dry processes are, thcre- 
5 .fore, not appropriate if the initial 
; nioisturc content exceeds 50 to hO per 
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cent. In such a case only about half of 
the calorific content is recovered. For 
materials containing 70 to 90 per cent 
moisture,only the wet biological pro¬ 
cesses arc practical. 

MIcfobU prodiKikm ol hy^^ 

Hydrogen gas is another ideal fuel, an 
alternative energy source and a highly 
efficient energy carrier. The heating value 
of hydrogen ^ per unit volume is less 
than that for other gaseous fuels—for 
example, it is only one-third that of 
methane; however, the heat content per 
unit/nosir of liauid hydrogen is about 2.75 
times greater tqan that of hydrogen — a 
fuel worth considering. 

Hydrogen has b great potential for use 
as a prim^ or secondary energy source, 
for electrical storage and generation with 
fuel cells, and for cnemied synthesis. As a 
fuel, hydrogen has a wider range of 
explosive concentrations in air than 
natural g^. However, the lower explo¬ 
sive limit is nearly the same for both the 


Both photosynthetic and non¬ 
photosynthetic bacteria and algae pro¬ 
duce l^e amounts of hydrogen under 
anaerobic conditions. Some of the organ¬ 
isms involved in hydrogen production 
are: Exoli, Citrobacter intermedices, 
Clostridium butyricum, Sindina maxima. 
Bacillus macerans^ etc. There are bas¬ 
ically four prtKesses of hydrogen pro- 


Table e. Comparison between different modes of digestion (15 days) (berc data} 



Single substrate - dung 
' Multiple substrate - dung + water hyacinth + algae 


duction from non-fossil primary energy 
sources. The first three are water elec¬ 
trolysis, thermochemical and radiolytic 
processes. The fourth process is biolog¬ 
ical and based on microbial synthesis. 

Research on biocatalytic production of 
hydrogen gas has been going on for a 
couple of decades, but a major bottleneck 
in large scale production has been a k>w 
wid of hydro^n. Two basic inputs for 
nvdrogien proouction are sunlight and an 
election donor. There are two main prob¬ 
lems which must he sorted out to render 
hydrogen production practicable; these 
are, low solar ener^ conversion effi¬ 
ciency (the amount ch hydrogen per unit 
of solgir energy) and an adequately inex¬ 
pensive electron donor and multiple util¬ 
isation of the by-products of the hyd¬ 
rogen photoproduetbn system. 

SocW and anvironmantal oonaktoiaiUona* 

Biomass ener^ systems can greatly 
improve the qu^ty of life in the rural 
areas. The j^owth, harvesting and trans¬ 
portation of bioma.ss provide opportunity 
for employment, and biomass energy 
cropping will also generate additional 
income for rural areas retarding mig¬ 
ration to the cities. 

Only margina] lands, arid and semi- 
arid regions appear to be candidates for 
energy crops. If too much residue Ls 
removed from soil in ase, erosion and 
depletion of soil nutrients take place. 
This is particularly true if thermochemical 
coiiversions bas^ on agro and forest 
residues are practised on an extensive 
scale. Since production of biomass is a 
biological phenomenon, return of most of 
the biodegradable constituents of 
biomass to the soil is a necessary link in 
the chain and can only be ensured to a 
larger extent by the bioconversion pro¬ 
cess like methane production. Based on 
Studies available, the potential environ¬ 
mental impacts of biomass-based energy 
production seem to be small as compared 
with those associated with the use ot most 
other energy forms. 

Collection of biomass can be fadlitated 
by locating the processing plants near the 
collection sites. If the puints have to be 
decentralised, then their sizes should be 
based on resources available locally. Sev¬ 
eral region-based case studies on the 
ene^, food, qualiiy of life and health 
environment stould be undertaken to 
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site. One of Aese important issues is now 
being handled m India an omuiisatb^ 
callM Ae Centre for Regional Ecological 
and Sdenoes Studies for Development 
Alternatives. It covers Orissa, West 
Benaal and Bihar and is chaired by P. 
N. 

NrtionsI efioita on bioniMO looouico uti^ 
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Because of a lack of serious concern 
about biomass so far, some people tend to 
equate biomass eneigy systems with 
agriculture and forestry practices. There 
are, however, some basic distinctions 
between biomass and the traAtional 
agriculture and forestry. Biomass has a 
much wider variety of availabilit]^ and 
much wider options for the conversion of 
Aese species mto portable, storable and 
readily available fonnsof energy. Indeed, 
the analysis of any biomass conversion 
process must take into account the logis¬ 
tics of feedstock supply, feasibility of the 
technology and the I^ely compdtitioa 
that such a use may face from other alte¬ 
rnative uses. In the case of a chemical 
conversion system some of these issues 
arc trivial. P^uction of bulk chemicals 
based on biomass is anoAcr area in which 
little or no attention has been given. 
Above all, Ae oountiy does not have any 
declared science policy in the biomass 
ener^ systems. Only a true under¬ 
standing of an interdisciplinary know¬ 
ledge of photosynthetic productivity, 
ecdogy, biotechnology, global encr^ 
systems and social issues will help estam- 
ish a national biomass energy poticy in 
relation to other forms of energy for the 
country. 

Aca^rding to the National Paper of the 
Government of InAa submitted to the 
United Nations Conference ot New and 






Renewable Sources of Energy (Nairobi, 
1981), two centres for research on Ae 
production of biomass are also being 
establiAed, one at Ae National Botanicu 
Research Institute, Lucknow and the 
oAer at the Madurai Kamaiaj Uni¬ 
versity, Madurai. The technology of 
biomass conversion, research and 
development programmes covering 
extensive areas and routes based on 
agricultural residues like bagasse, rice 
husk,ricestrdw,etc andanimaidroppmgs 
as substrates arc being actively pursued at 
BF.RC irr, Delhi for more than a decade 
now. Major breakthroughs achieved by 
Ai.s group include rapid eAanol pro¬ 
duction, novel bioreactor development, 
maximisation of recovery of methane and 
bwer fatty acids horn digestion of duiig 
and residues in various modes (Table 6^ 
r^id conversion of starch into sugars, 
emcient conversion of ccUulose into 
acctone/butanol, production of sweeten¬ 
ers from oellulosic residues and biooon- 
version of rice straw into improved fod¬ 
der. OAer centres working on biooon- 
version include: Munigappa Che Aar 
Research Centre, Madras; Khadi and 
Village Industries Commission; G. B. 
Pant University of Agriculture & 
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Technology, Pantnagar; National i 
Dairy Research Institute, Karnal and 
Bangalore; Bhartiya Agro-Industries i 
Foundation, Pune and National 
Chemical Laboratory, Pune. 

Despite Ae unlimited potential that is 
attached to the lignooelluiosic conversion 
into ethanol, onfy a few centres around 
the world are eng^d in research and 
development stumes in this important 
area In Ae area of Aermodtemit^ con¬ 
version systems, better design of pyrolysis 
and gas producer plants are urgently 
called for. berc, Delhi, is one of 
these centres and some major break- , 
throughs have already been made jn 
this area. 

Berc. has carried out detailed 
studies on Ae enzymatic production of ! 
ethanol from cellulose hydrolysate ; 
in batch and continuous systems 
employing free cells, recycled cells 
and also immobilised cells. The 
centre was the first to publish data on 
ethanol production from enzy¬ 
matically hydrolysed cellAose. BerC ' 
has also developed a yeast strain ! 
which is tolerant to high con¬ 
centrations of glucose and ethanol. A i 


Table 7. Recently updated conversion data on ethanol production based on various feedstocks 


Batch 

Batch with 
celt recycle 
Batch with 
cell recycle 

Continuous 
wiA cell 
recycle 
-do- 

Vacuum far- 
mintation 
immobiiiaed 
cell reactor 
Immobilised 
cells on cal. 
alginate 
ImmobHised 
cella on 
borosilicete 
glass 

Immobilised 
ceils on 
carraganan 
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Molasses/S. cerevisiae 

12-14 

6.5-7.0 

1.3 

Conventional 

Molasses/S. cerevisiae 

13 

10 

4.8 

Alfa Laval 

Bagasse hydrolysate/ 

5. cerevisiae 

25 

12 

6.9 

Biochemical Engineering 
Research Centre, 

(berc), iiT, Delhi 

Bagasse hydrolysate/ 

5. cerevisiae 

15 

8 

32.0 

BERC, Delhi 

Glucose/S. cerevisiae 

10 

5.3 

29.0 

Lawrence Berkeley Lab. 
University of California, USA 

Clucose/S. cerevisiae 

33.4 

16 

40.0 

-do- 

Molasses/S. cerevisiae 

15 

9.8 

26.6 

BERC. IIT, Delhi 

Giucose/Z. mobilis 

IB 

6.4-9.0 

44 

University of NSW, 

Australia 

Glucose/Z. mobilis 

B 

2.b 

71 

Oak Ridge 

National Lab, USA 

Glucose/ $.cerl8bergeneiB 

10 

6.4 

50 

Tanaba Seiyaku Co Ltd. 
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Hokitinuous production of ethanol at frodurta 

iirarious dilution rates has also been .. V ' . 

Pcvcloped. It has been applied sue- , , 

St^ssfully to both bagasse hydrolysate ' 

^d cane molasses. Other studies Xylose 
delude the use of thermotolerant 
^^ast and bacterial species. The cell Ethanol 
^lecycle system has been run with 5, 

I:i0 and 300 litre reactors and is . 
s^ady to be scaled up; this technique 

|licd system has been run for more 

i^^n 75 days without any loss of acliv- t»gnin degradation products: vanillin, 

(see Table 7). dimethylsutphide,dimethylsulphoxide, 

r The pace at which India can exploit m«hylmweaptan.f«ralic acid, etc. 
iflier renewable energy potential will Butanol-lignin slurry 

iM determined in a good measure, as A..rt«r...h..»««ni 
l^ntioned at the ^ginning of the Acetone-butanol 

P^cle, by the country's ability to ere- Lignin sulphonates 
and strengthen the necessary 

pfacilities, and motivate group stocks or conversion technologies and 

iig^yitics to suit local conditions, in extensive use of science and technol- 
Pparticular for rural development. The ogy in the production and conversion 
i'iCXpertisc needed to evaluate and of biomass. The following areas of 
liexploit these resources exists in India, biomass resource-based energy prog- 
iSlicre are, however, larce gaps which rarame are specifically suggested for 
need to be identified but these are detailed investigation: 
necessarily of the same order of i. Adoption of massive afforestation 
j|pUignitude as in the industrialised and energy plantation projects in 
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gauntries. To fill these gaps, proper 
Ifittention needs to be given to streng¬ 
thening national research prog- 
i^ammes, coordinating new activities 
pti^d establishing demonstration plants 
study the feasibility of specific 
^^^Ibiomass energy technologies. 
iXf To conclude, the research and 
[^l^velopment and extension work 
f'fhould aim at more efficient util- 
f<;liation of current biomass resources, 
vj^'^Xtension of the resource base 
;,;ttrough introduction of new feed- 


Purfaral and 2,3-butanadiol 

Lignin degradation products: vanillin, 
dimethylsulphide, dimethylsulphmdde, 
methyl mercaptan, ferulic acid, etc. 

Butanol-iignin slurry 
Acetone-butanol 
Lignin sulphonates 

stocks or conversion technologies and 
extensive use of science and technol¬ 
ogy in the production and conversion 
of biomass. The following areas of 
biomass resource-based energy prog¬ 
ramme are specifically suggested for 
detailed investigation: 

1. Adoption of massive afforestation 
and energy plantation projects in 
arid and semi-arid regions. 

2. Extension of biomethanation 
technology based on domestic 
wastes (night soil in particular), 
manures, agricultural residues and 
animal dr^pings throughout the 
country. Tnis will also ensure 
improved sanitation for our rural 
area. 

3. Bioconversion of lignocellulosic 
biomass to ethanol in an integrated 
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Furnace and diesel fuel 
Solvent end explosives 
Additives in stabilisers, grinding aids, etc. 

4. Conversion of non-edible oils to 
diesel substitutes and large .scale 
trials of such a possibility in the 
country. 

5. Large scale and organised pro¬ 
duction of aquatic biomass species 
like algae, water hyacinth, kelp, 
etc to be incorporated in the 
nation's rural development plans 
and such alternatives integrated 
into an encrgy-food-ecology sys¬ 
tem. 

6. Thermochemical and chemical 
conversion of biomass in small and 
large scale gaseous and liquid fuels 
(especially methanol) and bulk 
chemicals production system. 
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ROUND-UP OF RESEARCH 


Gene transfer in plants 


In plant breeding, it is often desirable to 
improve one or two specific characters of 
an otherwise high-yielding, well-adapted 
cultivated species of a plant (the culti- 
vur). For instance, the high-yielding 
wheat cultivar, Kalyansona, was ex¬ 
tremely popular in the country's northern 
wheat belt till it became susceptible to 
leaf-rust disease a few years back. It 
would be ideal therefore to incorporate 
into this cultivar genes which would make 
it resistant to rust, but retaining all its 
other good qualities. One way to accom¬ 
plish this has been to cross the cultivar 
with one that is resistant, followed by 
repeated hack-crossing of the resistant 
progeny with the original cultivar. But 
this is a lengthy procedure, taking many 
years, and some of the desirable attri¬ 
butes are also lost in the process due to 
hybridisation. 

It the required character is not avail¬ 
able within the species, the breeders look 
for it in related wild species. I'hey then 
try to transfer it to the cultivated species. 
But such a transfer of genes from an alien 
(distantly related) species is even more 
difficulu they also often carry the unde¬ 
sirable characters of the wild species. 
Kamal Kant Pandey. a well-known plant 
geneticist of Indian origin now' working in 
New Zealand for many years, was the 
first to report transfer of specific genes iti 
Nicotuma fbryvtiana, a wild tobacco spe¬ 
cies, through pollen “killed" by gamma 
irradiation of KM) kilorads. Later, he 
demonstrated similar gene transfers 
through irradiated pollen in several other 
species of tobacco. But these results and 
the probable mechanisms suggested by 
Pandey were viewed with skepticism. 

Recently, J.L. Jinks and colleagues 
have reported results similar to those of 
Pandey {Nature 291 58b). In their experi¬ 
ments. a Nicotiana nistka (a related 
species of tobacco) strain V27, having 
three recessive marker genes—yellow 
plant colour, mop inflorescence and lack 
of black anthocyanin pigment iji ovary— 
were pollinated with normal and gamma- 
irradiated pollen, from strain V\2. The 
pollen parent V12 had the dominant 
alleles for the three marker genes: green 
plant colour, non-mop inflorescence and 
black anthocyanin pigment in ovary. 

The two strains differed in other quan¬ 
titative characters also. The first- 
generation plants (Ml) obtained after 
using irradiated pollen were more vari¬ 
able than the uniform hybrids (FI) from 
unirradiated pollen. In the second gener¬ 
ation, obtained after self-pollination of 
Ml plants, there were six (out of 87) 
plants which showed the maternal charac¬ 


ters for two major genes (yellow plant 
colour and mop inflorescence) and, in 
addition, had the black anthocyunitn 
pigment of the pollen parent. These six 
plants, though very close to the maternal 
parent lor such quantitative characters as 
plant height, did show slight deviation, 
suggesting that, besides the major genes 
for ovary pigment, some minor genes 
influencing the plant height had also been 
transferred. 

This is an elegant demonstration of 
gene transfer through irradiated pollen. 
The authors have refrained from discus¬ 
sing the possible mechanism involved. 
Nevertheless. Roy Davies in his write-up 
in the same issue of Nature (p 531) has 
niade speculations, on the lines earlier 
suggested by Pandey, that the mechanism 
of gene transfer essentially involves: (1) 
fragmentation of pollen chromosomes, 
(2) transfer of these fragments to the egg 
cell, (3) parthenogenetic development of 
egg cell (reproduction of unfertilised 
ovum) induced by pollen tubes from 
irradiated pollen. (4) diploidisation of 
egg cell or early embryo, and (.5) attach¬ 
ment or integration of paternal chromo¬ 
some fragments (or dna) to maternal 
chromosomes in the egg cell during chro- 


Malaria vaccine protects 
offspring 

Malaria, one of the most widespread 
parasitic diseases, is on the rise again. 
The Anopheles mosquito which acts as a 
carrier of the parasite Plasmodium has 
drastically changed its behavioui and 
developed resistance to malaria drugs. 
Hence, the thrust is now to the develop¬ 
ment of an effective vaccine against 
malaria. But problems are many. For 
instance, the parasite undergoes several 
stages before it completes its life-cycle in 
the host. Hence the antibodies efteciive 
for one stage may not be good at another. 
Also, there is the problem of availability 
of enough sporozoite matciial ol one 
particular stage, and short duration of the 
protective effect. 

As early as 1937 it was demonstrated 
that blood serum obtained from an im¬ 
munised individual and carrying the spe¬ 
cific antibodies (immune serum) when 
passively transferred, protected the 
rhesus monkey from malaria caused by 
the Plasmodium knowlesi. Since then, 
several observations showed the benefi¬ 
cial effect of passive tran.sfer of resistance 
to different strains of malaria in appropri- 


mosome duplication. ' 

This technique could be a pow 
new tool for plant breeders only if simi 
gene transfers can be made from dist 
related species that do not produce se 
hybrids This approach may. perhaps 
easier and better than parasexual hyb 
isation involving fusion ot protoplai 
(cells devoid of their cell wall) fr 
distant species. However, it is too estiU 
to assess its utility unless similar res 
are repeated in othei plants also, (t 
to the application ot this technique is 
induction of matromorphs (partHI 
enogenetic, diploid plants carrying onlV 
the maternal genome). 

A large number o( plant geneticists i 
India make use of ionising radiations t 
induce genetic \ariability in cultivate^ 
plants. It w'ould be worthwhile if some Oil 
them could explore (his new tool d 
pollen irradiation to bring about .specific 
gene transfers in plants of economijli 
importance. (Jf course, the right choiojl 
ot material and markers would be essed 
tial to get the correct answers. ‘i 

‘j 

C. R. BHATk 

1 

Dr. Bhatia is with the Mutation Breedit 
Section of the Biology and AgricultU. 
Division, Bhabha Atomic Research Cent 
Bombay. 


ate hosts. In 1967, K. S.. Nussenzwe^ 
reported total inimunit\ against t 
slagc-specitic iiilection with P herghei 
lodents. This was achieved on immunis# 
lion with radiated spoiozoitcs by intra 
nous route. Similar possibilities of ucti 
immunisation using this and ot 
methods have heen lecordcd in huma 
monkevs and hiids (St 11 Ne t- TODA 
December 1980. p. 2S). In all th 
studies, adult amnials weie used, 
clfecliveness ot such a method in ind 
ing immunity in children, who are moi 
vulnerable to malaria infection, w'as y 
to be assessed That such a resistance I 
malaria infection can he induced in infa 
animals has recently been icportcd uga) 
by Nussenzweig and colleagues, Natu 
291 331. i 

These investigators ailiccted spofpM 
zoiles of rat t)aiasiie P. hcr^hei (nltimati 
development stage in the mosquito) a 
subjected them to gamma irradiation t| 
remove their infective potential. Th 
were then inoculated one to three tim 
in each of the young mice (2 to 24 day 
old) and in adults (S to 10 weeks old) b| 
intramuscular route fhey then chai 
lenged the immunised animals along wi 
appropriate controls with normal spo 
zoites bv intravenous routes and watc 


When price and 
performance 
both count 


Compact Philips Timer/Counters at 250 and 520 MHz 


The new Philips PM 6623 and 
PM 6624 Timer/Counters are 
extremely powerful yet compact. 
Each has specific measurement 
facilities. Both have the following 
common features: 

• 


(averaging) measurements 
down to 100 ps 

• 100 ns single shot resolution 

• period, ratio and conditioned 
pulse counting 

• bright, sharp 9-digit planar 
displays 

• tri-state trigger indicator for 
convenient and fast trigger 
level setting 

• gate open monitor giving 


measurement feedback to 
avoid errors 

• external reset/start to 
prevent false starts from 
spurious signals 

# lightweight, compact 
construction 

Add it all up and you will find 
that the Philips PM 6620— 
series is extremely powerful yet 
competitively priced? 


high stability of upto 
<1x10-7 per month 

W with high distortion and noise 
immunity 

# versatile time interval 
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For further details contact; 

Paico Electronics A Electricals Limited 
Product Division, Science b Industry 
Shivsagar Estate. Block 'A* 

Worii, Bombay 400 018 

























fiiir inle^rt. tKie i^ult« %hbWe<f that H() 
to 93' per cent of the young immunised 
mice did not develop the infection while 
all the controls died of malaria. However^ 
there was significantly lower protection 
(33.3 per cent) in immunised adults, 
possibly due to immunisation by intra¬ 
muscular route, instead of the more 
effective intrave'nous route. 

The other aspect taken up by the 
investigators was whether sporozoite- 
immunised mice could transfer protection 
to their offsprings. They found that pups 
(of 18 to 25 days age), born and nursed by 
immunised mothers, showed high degree 
of resistance (60 per cent) to challenging 
infection with normal infective sporozo¬ 
ites. However, at less than two weeks age 
the young ones showed a natural resist¬ 
ance to malaria infection, possibly be¬ 
cause of their exclusive nourishment on 
milk diet. Incidentally, it is known that 
rich casein diet can induce resistance in 
rodents against malaria. The antibiidy 
levels against malaria in infant mice, 
which were low at birth, increased gra¬ 
dually with suckling time, suggesting 
their passive transfei through milk. 

Also, the authors observed resistance to 
infection in pups born to non-immunised 
mothers when fed by immunised foster 
mothers. On the other hand, all offsprings 



Badron mterogriph oC the malarial pvMto 

of immune mice nursed from the first day 
onwards by non-immunc mothers lost 
their antibody levels and became .sus¬ 
ceptible to normal sporozoite-induced 
infection. 


A tunable source of gamma rays 


THp/oKservation of positronium negative 
ion at the Bell Laboratories, USA, makes 
feasible a continuously variable energy 
source of gamma rays. Gamma 
ray sources available arc usually 
naturally occurring or laboratory- 
produced radioactive nuclei. They emit 
gamma rays at certain fixed energy levels 
which arc characteristic of the nuclei con¬ 
cerned. This possibility of having a var¬ 
iable energy gamma ray source may open 
up many new channels of experiments. 

Positrons are positively charged par¬ 
ticles of mass identical to that of electrons 
but of opposite charge. They may be 
called antipart iclcs of electrons: They 
were predicted by P.A.M. Dirac in 1932 
and subsequently detected in cosmic rays. 
These particles are also emitted during the 
decay of certain radioactive nuclei. When 
a positron meets an electron, they ulti¬ 
mately annihilate each other, releasing 
gamma rays of energy equivalent to their 
added masses. In most sudi decays, two 
gamma rays, of energy 511 keV each, arc 
released. 

As a step towards the annihilation, the 
electron and the positron could orbit 
around each other forming a positron ium 
atom (Ps). It is in many ways analogous to 
the proton of a hydrogen atom (H) being 
replaced by a positron. Drawing on this 
similarity we would expect a negative ion 
of positronium (Ps') to consist of two 
electrons and one positron. In fact, as 


early as 1957, J. A. Wheeler had predicted 
the binding energy of Ps*, against breakup 
as Ps and a free electron, to be 0.3266 cV. 
The Ps" was also predicted to have a short 
lifetime (about 5x10 see) for decay into 
two gamma rays and an electron, this 
being the dominant mode of decay. 

Allan P. Mills, Jr. of Bell Laboratoiics, 
USA (Fhysical Review Letters, 46, p 717) 
iLsed positrons from radioactive cobalt 
('"Co) source and slowed down to an 
energy of about 1 to 2 e V with the help of 
copper and sulphur moderators. These 
positrons were then accelerated to about 
400 c V and guided by a solenoidal magne¬ 
tic field onto a 40 A thick carbon film, the 
whole assembly being in a vacuum of 10 
Torr. The thickness of the carbon film was 
so chosen that the positrons emerged 
through the foil with very small energy 
(less 10 eV). 

It was hoped that on passing through 
the carbon film, some of the positrons 
would acquire two electrons and form the 
Ps . Previous experiments had 
shown that in this process the 
Ps' was usually formed. To detect 
the Ps* ,Mills placed a grid, biased positively, 
in front of the carbon film so that the Ps‘ 
would be accelerated, whereas the posii- 
rotis would be repelled and the neutral Ps 
would be unaffected. The annihilation of 
positrons in neutral Ps would give 
unshifted gumma rays. But as the posit¬ 
rons in Ps* annihilate during motion, the 


Thus, these authors clearly demons*^ 
trated that, first, it is possible to induce'] 
resistance to malaria infection in 
mice by active immunisation and, secomilj 
that protective antibodies pass throu^; 
colostrum (the tirsl milk secreted 
mammary glands) from mother to pups 
and confer protection to the young ones.; 

While the data yield valuable informa-^ 
tion on the modes of induction of resis^; 
ance in infants to malaria, the practical^ 
application of such observations to mail' 
await solution of several pioblems whtcl| 
are encountered in the development o^! 
malaria vaccine. At any rate, it seem|1 
inconceivable to expect that passive im-^ 
munisatinn could ever be the solution foi^ 
malaria control. ^ 

D. SUBRAHMANYAM^ 


Dr. Subrahmanyam is Director of a muH 
tinational industrial research centre In; 
Bombay. His main research Interests are irv 
the field of immunology of communicabtei 
diseases such as malaria, filariasia an^^ 
tuberculosis. | 

gumma rays seen in the forward direction'^ 
would be blue-shifted due to the Doppler, 
effect, that is^ their energy would be 
higher than the nominal value of 511 keV.( 
A germanium detector placed in the for'^~ 
ward direction measured the energy spec<*^J 
trum and a fraction of the gamma ray|l 
were found to have higher energy aiH 
expected. The energy shift is directly'j 
determined by the voltage difference bet*' 
ween the grid and the carbon film, andi 
thus cun be varied at will. For example, ir> 
voltage difference of only 1 kilo volt pro*^ 
duces an energy shift of about 19 keV; 
from the unshifted value of 511 keV.j 
1'hus the annihilation of positroniuin.' 
negative ion in flight provides us with r 
tunable source of gamma rays with pie* 
cisely known relative energy shift. ,'i 

AMIT ROY; 

D;. Roy is with the Nuclear Reactions Groupl 
at the Tata Institute of Fundamentalv 
Research. Bombay 
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Philosphers refused to look at sunspots through Galileo’s telescope because the Sun 
could not have spots on ’rationalistic', deductive grounds. But Einstein, by deductive 
methods, revolutionised science in a matter of ten years. 


i ' WO ot the most glorious 

I epochs ol the history of science 
are those of the Circek philosophy of 
the htli to the 3rd century H( and, 
two thousand years later, of the 
European Renaissance from the 
l.^th lo the 17th century AD. Histo¬ 
rians and philosophers of science 
attrihuie the two basic methods of 
scieniilic inquiry, the deductive and 
the inductive, to these two epochs— 
the deductive method to the (ireek 
philosophy and the inductive to the 
Renaissance. While there is some 
truth in such a division, things are not 
as simple as this. 

Kven a [rartial historical review will 
make it clear that new knowledge is 
never iicquired by pure deductive or 
inductive methods, but rather by an 
alloy ol the two with contributions 
Ironi binh. Noi is there a fixed 
proportion between inductive and 
deductive methods, fhe varying frac¬ 
tions depend on diverse factors, in¬ 
cluding the socio-religious milieu and 
llie individual genius ol the scientist. 
Hie final outcome is a hierarchy ot 
theories, the higher one subsuming 
the lower. 

Many people today have a very 
simple notion, bordering on the vul¬ 
gar. of the method of science and 
how it develops. This breeds a dog¬ 
matic arrogance in favour of one or 
the other of its pillars. This is espe¬ 
cially true of inductive philosophies 
which some of their adherents con¬ 
sider to be self-correcting. Merc I 
shall attempt lo give some idea of the 
diversity and richness of scientific 
development. It would lake more 
than a book to go into the subject 
and hence, for illustration, 1 shall 
confine myself lo some of the epi¬ 
sodes in the history of astronomy 
relating to motion and gravity. 

In the pure deductive method, one. 

essentially * begins with self evident 


premisev—Inst principles, axioms or 
hypotheses- which cannot be called 
upon for a proof, riicv are assumed 
to be true because of iheir aesthetic 
appeal, beauty and simplicily - qual¬ 
ities which resonate with and kindle 
the deepest intuitive parts ol human 
thinking. I'his, of course, is not to say 
that they are always correct, as we 
will soon see. Ciiven such premises, 
one proceeds by the use ol higical 
arguments to deduce consequences 
and make predictions that pertain lo 
the natural world ol obiects and 
phenomena. Ihe prcdicii\c success 
of the hypothesis is the (uily criterion 
of its truth. Deduction piocccds trom 
the universal lo the particular. I iirlh- 
ermore, the premise can onl\ make 
explicit whatever knowledge is 
already implicit in it. In geometry, 
which has a pure form ol deductive 
reasoning, the criterion for accept¬ 
ance oi an axiom or a sysicm ol 
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Ancient astronomical 
instrument of the Egy¬ 
ptians. Using a slit palm 
leaf and plumb-line, this 
sixth century bc instru¬ 
ment could time the 
A transit of a star across 
^ the heavens. 


axioms is merely that it should he * 
tree liom contradictions—in olhefi 
words, that the system should l>e| 
consistent as a whole. i 

Induction, on the other hand,.;; 
means reasoning in support ol a'J 
general proposition by eoiisidcralion ; 
of particular eases. Aristotle called it,^ 
“a passage from individuals to 
versals", while in the nineteenth ceil:;^ 
lury John Stuart Mills called it attf 
‘‘that operation of the mind by which^ 
we inter that what we know to be? 
true in a particular case or cases w'iH j 
be true in all cases which resembled 
the lormer in certain assignable re-ii 
spects*' L>cn the (ireek period.: 
which is often considered to \yc^: 
synonymous with the peak of deduc^: 
ti\e genius, contains a ctmsideraWW i 
element ol inductum. and when 
enlilic inquiiv was attempted W'ithj 
deductive means, divorced from cx-;| 
pcrinientalioii and verification, 
eonsequences were injurious to thei 
cause ol science. -I 


Pre-Socratic Greek science j;! 

Ihe pre-Soeratic period starts in J 
the Ionian colony of Miletus in/ 
Circecc around (i0() ik and ends with'- 
Demoeriiiis around 420 B(\ Thales/j' 
the lirst ot the Milesian philosophers j 
and a great traveller, is thought to" 
have brought to Ionia the know'ledgCvi 
ol geometry from the Lgyplians, of ; 
navigation by stars from the Phoeni-:^ 
eians, and of astronomical tables"i; 
from the Babylonians. 

I hales, living in a (irecce that was ; 
pagan, with its main gods and*,! 
legends, did an audacious thing for i 
his lime. He stripped alt the know¬ 
ledge and the cosmogonies he , 
brought lo Ionia ot their religious - 
inheritance and respeeii\e myths. In- , 
stead of regarding the stais as gods— 
which they were before him, and ; 



^niaincd long after him—^Thales was 
phe first Greek to treat them as 
Inatiiral objects. Ionian philosophy 
i ami its tradition, originating from 
.' Thales, were thus materialistic. This 
trend comes out sharply in Anax- 
. imander, also of Miletus, who 
. though! fishes were a form of life that 
^nreceded land animals and that man 
^ had once been a fish, a view quite 
j^eontrary to the stories of creation 
^current amongst the Babylonians and 
..others of his time. 

Yet, Pythagoras, another stalwart 
of the Ionian period, originated the 
^ religious and deductive tradition of 
■Greek thought on the nature of 
things. Ihe Pythagorean community 
was a secret religious brotherhood 
held together by its practice of asce- 
iticism and the study ot mathematics. 

; It found in mathematics a key to the 
,, riddle of the universe and an inslru- 
(^menl for the purificalioii of the soul, 
i'Plutarch, a giuxi Pythagorean, says 
' of geometry, “li tlraws us away from 
;; the sensible and the perishable to the 
^intelligible and the eternal.“ And 
Philalaus. another Pythagorean, says 
':0f numbers, ‘‘Consider the effects 
.find nature ot number according to 
,.^the power that resides in the decade 
Hthc first ten natural numbers). It is 
?;CTeal. all-powerful, all sufficing, the 
first principle and the guide in the life 
of gods, heaven and men." 

For the Pythagoreans, then, reli- 
.gion and mathemaiics were insepar- 
;'gble and their mathematical philoso- 
■;::phy soon became a rival to the Ionian 
^ natural philosophy. They constructed 
.matter out of numbers and a cosmos 
out of geometry. Naturally enough, 
■the idea that heavenly bodies are 



[: Ptolemy's Astrolabon, This complicated 
1; instrument is only one of the many 
: described by one of the greatest astronom- 
I ers of antiquity. Even if he represented the 
p i^eocentric view. Ptolemy was a great 
experimentalist, astronomer and geog- 
P..fdpber The instrument is not to be con- 
l: fused with the Astrolabe, a calculating 
|;;lnstrument 


divine led to the posfulatd that they 
arc spheres—for what could be 
more perfect?—aifd have circular 
and uniform motion which, with no 
beginning or end, is eternal and so, 
perfect. It is also very interesting to 
note that in their universe not the 
Earth or the Sun, but tire was at the 
centre and the Earth, the Moon, the 
Sun and the fixed stars moved 
around it. Pythagorean geometry was 
given a sound and formal shape by 
Euclid about 2(10 years later. 

Ionian science, however, came full 
circle with Democritus who lived 
around 420 IK\ His atoms, the build¬ 
ing blocks of his natural world, had 
bulk but were indivisible and 
impenetrable. His statement. “No¬ 
thing is created out of nothing", is a 
brilliant anticipation of the principle 
of conservation of matter. In some, 
respects he is the culmination of the 
Ionian inquiry into the nature of the 
universe and the working of nature 
by unseen, but natural bodies. 


Tho Athenian science 

The Athenian school of phikiso- 
phy, which later became dominant, 
drifted further and further away from 
the Ionian tradition. Its dominance is 
the source of the mistaken identifica¬ 
tion of Greek philosophy with the 
dcduclive method. Socrates, with 
whom the school begins, was essen¬ 
tially a moral philosopher who 
turned the attention away from phy¬ 
sics and technology to ethics. What 
we know aboui him comes from the 
writing of Plato, his disciple. So¬ 
crates’ inttuence discouraged re¬ 
search into nature and substituted a 
religious view which had come down 
from Pythagoras. He made no worth¬ 
while contribution to science or its 
cause. Plato also followed the gener¬ 
al trend of the Pythagorean philoso¬ 
phy and included a beliel about the 
irnmortaiity ot the individual soul in 
his philosophy. Pluto considered 
astronomy, as well as acoustics, as an 
impious study. Though he, like So¬ 
crates, made no contribution to sci¬ 
ence, he advanced the studv of logic 
more than any one else before him. 
Geometry, the deductive science par 
excellence, was centra! to his philoso¬ 
phy. On the doin' of his Academy 
was written, "you cannot enter here 
unless you know geometry". 

Aristotle, in contrast to' his men¬ 
tors Socrates and Plato, was both a 
philosopher and a scientist. He did 
not let the twenty formative years he 
spent at the Academy of Plato dim 
his independent thinking about na¬ 
ture. When Plato died in .M8 BC\ 
Aristotle complained that the 
Academy was turning philosophy 
into mathematics and left for Ionia. 



Pythagoras, mathematician and 
philosopher who originated the religious 
and mystic tradition in Greek philosophy 


He returned to Athens in .W IK', and 
established his own school, the 
Lyceum. Aristotle tried to .synthesise 
Platonic idealism with a commilmeni 
to the Ionian positive science, hut the 
Platonic deductive method remained 
dominant. Aristotle continued to 
treat the heavenly bodies as spheres 
and their rotation as uniform circular 
motions—beautiful, elegant and aes- 
thelieully appealing concepts, but 
quite wrong. To these he added the 
geocentric nature of the universe as a 
first principle. He could then explain 
the apparently erratic motion of the 
planets as due to circular movements 
on eight spheres for Saturn and 
Jupiter, and many more for others. 
Yet we now know' that these ideas, 
elaborated and systematised later by 
Ploleinv. became stumbling blocks 
for further progress for nearly 20(K) 
years. 

The history of Greek science also 
suggests that it was considerably in¬ 
fluenced by the socio-economic and 
political milieu in which the Greeks 
lived. In Ionia a class of merchants 
and manufacturers held political 
power whose very strength was their 
command and control of techniques. 
This gave rise to a powerful inductive 
science and a boldness to do away 
with gods and myths. But, then, 
Pythagoras also lived during the Io¬ 
nian period! 

Plato and Aristotle lived in a socie¬ 
ty in which the slave system was 




Nicholas Copernicus, the first to openly 
proclaim the heliocentric theory in face of 
the rigid geocentric orthodoxy of the 
church 


lirrnly established. The social struc¬ 
ture was well reflected in the philoso¬ 
phy ot these eiants too. In the Plato¬ 
nic republic" Plato's philosopher- 
aristiKTats who constitute a minority 
ot the people rule over the rest. 
Aristotle too believed in the master- 
shKe society and its extension to the 
role of philosophy and science. All 
ihis siieircsts that in real life there is 
more; to the methods followed by 
scientists than pure rational think¬ 
ing. Science indeed is a very human 
enterprise. 

Histoiically. (ireck philosophy is 
thoujzht to be the beginning of scien¬ 
ce. but after this beginning nothing 


even remot'elv ct)niparable to the 
Greek explosion of knowledge 
occurred for the next 1500 years in 
Europe. A simplistic view can hardly 
explain this huge gap. It was in the 
later Middle Ages that events ex¬ 
erted a decisive influence on the 
progress of science (and of religion) 
in Europe: the Crusades, which grip¬ 
ped Europe and the Middle East 
were just about over: the whole of 
Aristotle's writings were recovered; 
the first universities came into being 
at Bologna. Paris and Oxford and the 
cathedral and monastic schools of the 
catholic church flourished and 
reached a high point. The European 
Renaissance and Reformation were 
about to begin. 

Science during the Renaissance 

The inductive method played a 
crucial role in the emergence of 
modern trends in scientific enquiry 
which began with Copernicus, Ke¬ 
pler and Galileo and reached their 
pinnacle with Newton. But Aristo¬ 
tle's philosophy and the instruments 
of inquiry he had invented kept a 
firm hold on people's thoughts and 
beliefs until the European Renaiss¬ 
ance and Reformation of the I.Sth 
and 16th centuries. Even before in¬ 
ductive methods could he applied to 
astronomy, the taisc premises of the 
geocentric universe and circular mo¬ 
tion of heavenly bodies had to be 
given up; they acted as intellectual 
shackles, and drags, preventing new 
developments. 1 hey began to be 
broken with Copernicus but had a 



Leonardo de Vinci was artist, scientist, 
engineer, ali rolled into one. Shown above is 
a self-portrait and at left his sketch of a 
rough parachute—the first known refer¬ 
ence to such a device 






Ellipses instead of circles. The dotted ' 
curves show the paths of the planets in the 
diagram used by Kepler to overthrow the < 
dogma of uniform circular motion ! 


long way to go before they were 
broken completely. 

Nicholas Copernicus • (1473-1543) ? 
was a catholic monk and a contem- ■ 
porary of the religious reformer Mar- ? 
tin Luther (1483-1546) and the versa- a 
tile Leonardo da Vinci (1452-1519). 
Until his time it was an unquestioned { 
belief, following Aristotle and ■ 
Ptolemy, that the Earth is the centre ^ 
of the universe; this was quite in J 
conformity with the anthropocentric ^ 
belief of the Catholic Church that ■ 
man is the pinnacle of creation. To | 
systematise geocentric astronomy. \ 
Ptolemy had to introduce cpicyclic.;i 
motions for the planets—motions of * 
a point on circles whose centres ; 
themselves move around on certain 
other circles. 

( opcrnicus was very much dissatis- ; 
fied with this complex system. lt \: 
gnawed at his mind for a whole ^ 
lifetime until by a leap of thought, . 
and with an unusual boldness in the ; 
face ot the orthodoxy of his own - 
Order and the C'hurch, he pul the,; 
Sun at the centre of things. All ' 
astronomical observations now 
seemed lo fall into place in a simple i 
way. We see here an audacity ot the 
mind matched by that of Thales in * 
stripping the theology and cosmo- ; 
gt)ny of his lime of the role of gods. ; 
The Copcrnican model, though still . 
imperfect in many ways, initiated a ' 
revolution in basic scientific thinking 
which was to reach its culmination 
almost 150 years later in the works of ^ 
Newton. This contribution of Coper¬ 
nicus is a supreme example of a new 
horizon that can be opened only by ; 
giving up an universally accepted but : 
false premise, and of the unimagin- j 
able aividends it brings forth. Yet it ' 
was to take 2000 years to say it and i 
openly uphold it. 

] 


A 




f^Another successful, and simul- 
neous. revolt against long estab- 
ihcd authoritarian dogma in 
S^ope was spcarticaded by Luther, 
overthrew the more, than KKH) 
irs old Pupal supremacy, brought. 
M the Keformation and gave 
^ „th to Protestantism. What Refor¬ 
mation was to Christian religion, the 
]teiioccntric theory was to science. 
>id they have anything to do with 
™ne another? We do not know for 
Pertain. Hut we do know that, firstly, 
P^ere had grown up by that time a 
"rial and intellectual climate which 
ade people hold enough to ques- 
an established authority when it 
Pfegs arbitrary and irrational. Second- 
^ the two revolutions occurring at 
same time could reinforce each 
her and had a refreshing effect on 
: freedom of thought of succeeding 
aerations. 

j^Copernicus did away with one 
ental manacle by replacing the con- 
px of the geocentric universe by a 
liocentric one, but the second, of 
circular motion of heavenly 
lies, still remained. Tycho Brahe, 
three years after the death of 
Copernicus, was to lay an ex- 
erimental base which would break 
He was a great experimentalist 
lio devised new and accurate instru- 
ents like the quadrant and the 
xtant. His painstaking measure- 
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I Dutch merely invented the telescope, 
SlUeo Improved it and used it to overthrow 
\ earlier rigid conceptions of astronomy. 

1609 sketch shows the moon as an 
hty body, at A. In his Starry Massenger of 
BIO, Galileo sketches thirty-six stars in 
ce of the then expected seven from the 
steflation Pleiades or the seven sisters 


inents were accurate and reliable but 
his theory poor. A pious and super¬ 
stitious man, Brahe did not accept 
the Copernican system, and could 
not break from the dogma of uniform 
circular motion. 

It was then left to Johannes Kepler 
to capitalise on the admirable mea¬ 
surements of Brahe. Working with 
Brahe at Prague, Kepler had access 
to his extensive experimental data. 
After putting in an incredible amount 
of labour and innumerable wrong 
guesses^ he gave up circle's and ovals 
and tried the ellipse. The ellipse 
worked and all of Brahe's data click¬ 
ed into their place. By a method of 
induction Kepler generalised planet¬ 
ary motions. But his laws are essen¬ 
tially statements of fact that describe 

C lanetary motion and not a full 
lown theory. The third hook written 
by Kepler, embodying a clear exposi¬ 
tion of the Copernican theory, was 
proscribed by the Church. It is in¬ 
deed sad to note that both these 
pioneers died in misfortune and 
penury. 

Wc now come to Galileo Cialilei 
(1564-1642), an experimental scien¬ 
tist par excellence, yet a devout 
Catholic all through his life. The 
Renaissance and the Reformation 
were in full swing, but Galileo's task 
was not any easier either with the 
Church or with the intellectuals of his 
time. Aristotelian tradition and su¬ 
perstition still prevailed. One of the 
numerous scientific contributions 
that Galileo made was the laws of 
motion of falling objects. These laws 
we^ demonstrated, as legend has it, 
with his experiments from the Lean¬ 
ing 7 ower of Pisa before the assem¬ 
bled members of the university. The 
experiment proved that two objects 
of very different weight fell to the 
ground together. But Aristotle had 
written that objects fell at different 
rates depending on their weight. And 
so the intellectuals as well as the 
Church refused to accept the results 
of the experiments to which they 
themselves were witnesses. So much 
for the power of “pure" induction! 

Galileo followed up these experi¬ 
ments by using the newly invented 
telescope to study the heavens; he 
astounded the world by discovering a 
host of astronomical objects and phe¬ 
nomena. It is said that when invited 
by Galileo to view the sunspots 
through the telescope, the philo¬ 
sophers refused; they claimeu that 
the Sun.could not have spots on 
“rationalistic" grounds! Galileo, born 
21 years after the death of Coperni¬ 
cus, still attempted to understand the 
heavens within the framework of the 
Ptolemaic system. Only after his dis¬ 
coveries with the telescope did he 
abandon it in favour of the Copernt- 



Galileo Galilei, who ushered in the experi¬ 
mental method ot modprn science 


can scheme. I'he persecution of 
Galileo by the Church began soon 
after. It was in prison, in his seven¬ 
ties, that Galileo formulated the 
three axioms regarding the motion of 
objects and laid the toiindation of 
mechanics—one of the outstanding 
contributions of his life. 

Cialilco's achievements in asfro- 
nomv stemmed primarily from an 
inductive approach and, dearly, the 
conflict between him and the liiquisi- 
tit)n js symbolic of that between the 
spirit of induction and that of deduc¬ 
tion. Galileo looking into the sky 
with his telescope stripped the 
heavens of their age-old mvsierv and 
divinity. It is no wonder that the 
emergence of the experimental 
method and the consequent, but un¬ 
expected. discoveries in astronomy 
should bring forth a great proponent 
of inductive philosophy like hrancis 
Bacon. He led a biller and relentless 
attack on the essentially deductive 
philosophy of Aristotle of whom he 
wrote, “He did not consult experi¬ 
ence as he should have done, but 
having first determined the question 
according to his will, he then resorted 
to experience and led her about like a 
captive in a procession." 

Newtonian science 

The stage was thus set lor Isaac 
Newton (1642-1727) who was horn in 
England the year that Galileo died. 
Newton was a colossus. To him goes 
the credit of many fundamental dis¬ 
coveries in physics and mathematics, 
each one more than equivalent to the 
life's work of a Nobel laureate of 
today. These include the binomial 
theorem, infinite series and dilleren- 
tial calculus in mathematics, the 
spectral nature of light, refraction t>f 
light, the first reflecting telescope, 
the laws of motion and the law of, 




^avitatibri In .physics; In those days 
even English politicians had become 
aware of scientific matters and the 
role of scientists in discovering new 
knowledge. Perhaps for this reason, 
in contrast to the persecution and 
dishonour that were heaped on men 
like Copernicus, Brahe, Kepler and 
Galileo in the mainland. Newton was 
honoured by his country. When he 
died at the ripe age of 8.^, he was 
buried at the Westminster Abbey and 
six peers bore the pall. 

Among all his discoveries, the law 
of gravitation remains supreme. Kc* 
pier's laws of planetary motion repre¬ 
sent only an elegant codification of 
the observed effects. Hut Newton's 
law of gravitation gave the explana¬ 
tion to It. This he achieved by intro¬ 
ducing a beautiful and simple con¬ 
cept, that all material objects—big 
and small—attract one another in a 
simple but specific and quantitative 
manner. From this he went on. by 
deduction, to demonstrate that the 
same physical law which makes ap¬ 
ples fall to the ground on Karth also 
governs completely the motion of 
heavenly bodies. In essence, he uni- 
vcrsaliscd a physical law for the first 
time. 

Newton vehemently disputed the 
validity of hypothesisation in science 
and claimed his method to be one ot 
inductive philosophy, lie' wioie in 
Pnncipiti, “As in mathematics so in 
natural philosophy the investigations 
of different tilings by the method o( 
analysis ought ever to precede the 
method ot composition. This analysis 
consists in making experiments and 
observations and in drawing general 
conclusions from them by induction 
and admitting of no tibjeclions 
against the conclusions but such as 
are taken from experiments or other 
certain truths. For hypotheses are 
not to be regarded m experimental 
philosophy." 

And yet, when we examine New¬ 
ton's methods carefully, they appeal 
as typical of an indueto-deductive 
approach. He made use of a vast 
collection ot earlier observational 
data and analysis, made his own 
experiments, but in trying to deter¬ 
mine the cause of the motions of the 
heavenly bodies brought in a com¬ 
pletely new conceptual idea. The rest 
followed by a deductive procedure 
from the generalised law to discrete 
observations and predictions. 

There arc some other aspects 
which deserve emphasis too. Ihcy 
root his deductions, no less imptir- 
tant. firmly in experiments and 
observations. The release from the 
bondage of age-old traditions, myths, 
from erroneous first principles and 
from the contempt for experimental 
and inductive methods is a crucial 



element in this scientific tevolution. 
The iliscoveries from C opernicus to 
Newton made null and void the 
entire edifice of scientific theory that 
was built troni the lime of the Greeks 
lo the Mitkilc Ages. In contrast, even 
during the scicniific explosion of the 
modern age, the work ol men like 
Linsiem, Bohr and C handrasekhar 
have not invalidated Newtonian sci¬ 
ence. but tmly improved upon it. All 
these men. Irom C'opernieus lo New¬ 
ton, were also deeply religious and it 
does not seem to have made any 
clitTcreiice to their scientific creativ¬ 
ity. rhcie docs mu seem to be an 
inherent eonflict between religion as 
such and science. 

Some of the leading methodolog¬ 
ists of the l^th century, like .lohn 
Herschel and John Stuart Mills, 
thought that Newton's mechanies 
was perfect and could mu be super¬ 
seded by a im.re general theory. 
Indeed, that view had become com¬ 
mon by then. And yet vv e iu)w 
km.»w that though Newton's scientific 
coniributions consiiiule a mighi\ 
leap forw'ard in scientific knowledge, 
it was not the end ol the story. I'liat 
brings us to liinslein. 


Einstein's theory of General Relativity 

View's t>n the methodoUigy of sci 
dice umlerweni a change With the 
ilaw'ii ol the 2t)lh century. The cight-^i 
cenih and nineteenth eeiilurics had^ 
already witnessed an all round prog- j 
less in mathematics, geometry, aslrcWi 
nomy, physics and philosophy of ] 
science. I hen Fmstein, in the matter'; 
ot a decade from 101)4 tc) lOl.S,,. 
revolutionised science and the sciert-^ 
tific method by his epoch-making.^ 
discoveries ol the Brownian motion,i 
the photoelectric etlect. the theory of ; 
Special Relativity, the equivalence of 5 
mass and cnerg\' thioiigh the lamous/ 
equation L — me , and his crowning 
glory, the ihetirv of Genera I! 
Relativity. 

In 10i)5. while allcmpling to , 
understand the motion ot objects and i 
systems moving with a eonsiunt 
velocity. Einstein pul loiwanl the 
hypothesis that, firstly, such motions J 
are always relative and that there is j 
no prelerreil space or frame ol refer-' 
enee. and. sceoiulls. iliere is an ■; 
upper limit to \eloeity above which 
no object OF radiation can move and j 
that this limiting speed is the \el«)C!lv . 




file htircKci^birir bf 
■PmmM and conceptual ideas, which 
Hpiin contrary to the very foundations 
||pf Newtonian mechanics, led to the 
iP^rediction of numerous consequ- 
lienees. It made possible a level of 
|*^^^neralisation in which the whole of 
if'|jcwton's laws of motion were not 
I iilfarown out but became an approx* 
I imation of Einstein's equations of 
Special Relativity in situations where 
fe|he velocities arc much smaller than 
Rihat of light, rhat it look many 
Kdecades for Einstein's predictions to 
|vbe verified in the laboratory with fast 
^^oving atomic particles speaks 
^enough for the predictive power of 
f ^Einstein's deductive method. 

Einstein took the deductive 
l^^ethod of scientific discovery to u 
|;$upremc height with his theory of 
^General Relativity. Mere he unified 
Ij^lSipacc, time and.matter. The predic- 
|?tive ability of this theory was therc- 
|5fCre tremendous. Einstein achieved 
essentially, by doing away with a 
filat geometry and bringing in certain 
^abstract ideas of a new and sophisti- 
Iftatcd geometry invented by Gauss 
i;and developed by his student 
jRiemann about six’ decades earlier. 
[In the framework of Ricmannian 
:^omctry space-time is no longer flat 
$Ut curved, its curved character 
lining cmiivalent to the presence of 
{ ariatter. The dual role of mass being 
! Simultaneously the source of inertia 
iMd gravitation, a coincidence iincx- 
Iplained earlier, became simply a 
■ properly of Ricmannian space. In the 
'fecial case of a universe without 
• inatter, space-time geometry auto- 
Jmatically.lH'camc flat and the theory 
^Of Special Relativity applied. 

'/ In the theory of General Relati¬ 
vity, the geometry, which simul¬ 
taneously describes space-time 
jt»iclationships between* eVenls and 
|gravitational field, is also related to 
|jme distribiitioH of matter in the 
|ijntire universe via Einstein's equa- 
^tions. These equations have many 
iJtoiutions and represent ail possible 
kspacc-time geometries, that is, diffe- 
|tcnt kinds of universes. Thus for the 
pfirst time, cosmology, which was 

I juntil then in the realm of philosophy, 
came within the description of phy¬ 
sics. 


linduction or deduction? 

I Our brief look at the advance in 
[astronomy over historical times 
Ishows thai in the method of science, 
Hfiduction and deduction have both 
been important at different times. To 
{^gin with, natural philosophy was 
born in Ionia and Athens, some 2.S(M) 
years ago, a virtual historical miracle 
yet to he explained satisfactorily. 
Beginning with Thales and con- 


itdutbg Up meAy 

intellectual giants were packed into 
those few centuries amiust a strang¬ 
ling environment of superstition, 
myths and military adventurism. In 
spite of the popular notion about the 
deductive nature of Greek thought, 
the Ionian period lasting about two 
centuries saw' the emergence and the 
application of the inductive methods 
to highly successful techniques. This 
brilliant line of thought started by 
Thales culminates in the fully scien¬ 
tific Archimedes. 

Deductive methods, however, 
were not ignored by the thinkers of 
this time. Pythagoras, the originator 
of geometry, and also of the religious 
tradition, too belonged to this time. 
Soon after, the deductive method 
came into ascendancy with Plato and 
Aristotle. In this, geometry—the 
pure deductive philosophy —with its 
axioms and deduced theorems be¬ 
came the guiding method of acquir¬ 
ing all knowledge. But this deduction 
was divorced from any Iruitiul in¬ 
teraction with inductive principles. 
The result is the dominance ol reli¬ 
gion and the stagnation of the Middle 
Ages. 

I'he phenomenal advances in natu¬ 
ral philosophy, and of knowledge in 
general, made by the (irecks could 
not he improved upon for nearly 20 
centuries. The next hurst in .science 
took .shape during the Renaissance* 
and Reformation when (he human 
mind freed itselt, iu)l only in science 
but in all walks ol life, from the 
bondage of centuries. In science the 
movement started as an escalating 
reaction to the Aristotelian method. 
The pioneers Irom Copernicus to 
Galileo had to pay dearly lor their 
boldness in rejecting age-old tradi¬ 
tion and superstition. Newton, who 
took full advantage of the extensive 
and accurate astronomical observa¬ 
tions, accumulated bv the labours ol 


many scientists for almost two cen¬ 
turies, reinforced them with his dis¬ 
coveries in mathematics and built on 
them the edifice of New'ionian 
mechanics through an inducio- 
deductive approach. 

The Newtonian system, which 
grew out of the reaction against 
Aristotle and his deductive method, 
looked so complete that many be¬ 
lieved Newtonian physics to be the 
last word on the subject. The arro¬ 
gance of such a viewpoint was com¬ 
pounded by the conviction that in¬ 
duction is self-correcting. Even C. S. 
Peirce says, “I he validity ol an in¬ 
ductive argument consists in the fact 
that it pursues a method which, if 
duly persisted in, must in the very 
nature of things lead to a result 
indefinitely a(>prouching the truth in 
the long run.'* 


scene, however, the need was for a 
more deductive approach, not an 
inductive one. Einstein's method was 
almost purely deductive and his cen¬ 
tral concept geometry. Thus in 
almost 2,5(?0 years, starting with Pla¬ 
to, astronomy and geometry came 
full circle with Einstein. Of course, 
Einstein's deductions were firmly 
based on experimental work before 
him and, unlike Plato, Einstein was 
no speculative philosopher. What is 
important is that at some points in 
the inducto-dcdiiclive method which 


characterises science there may he a 
crying need for a fully deductive 
approach to the. accumulated data 
and theories. 


In the hierarchy of theories, those 
due to Galileo. Newton and Einstein 
present an ascending order of gener¬ 
ality and beauty. Will we ever reach 
the apex of this theoretical pyramid? 
Ejnsiein spent the last M) years of his 
life in vain trying to tlcvelop a theory 
unifying the graviialional and clec- 
iromagnelic fields. Einstein's theory 
lollowed by developments in quan¬ 
tum mechanics and more recently in 
high energy physics and astronomy 
have popularised the idea that science 
is, and ever w'ill be. in a state ol Ilux. 

This also means that one must 
leave open the question, whether it is 
an inductive or a deductive approach, 
which is necessarv to get out ol the 
feeling of a general eonlusioii amidst 
all round advance. Wha( is needed is 
a unilied basis lor all the forces ol 
nature. Abdiis Salaam's iheorv, uni¬ 
fying the weak and electromagnetic 
forces and (he substantial headway 
made in unifving them with the 
strong forces, is alieadv an advance. 
But with the forthcoming iini(|ue 
opportunities ol space astronomy, 
with so much aeeurate observational 
data collected and aidilied, do we 
need the painstaking eftorls ol a 
I'ycho Brahe, or the directly iiiduclo- 
dcductive approach of Newton? Or. 
will it need someone like Einstein 
w'ilh a near-pure unifving concept 
similar io or higher than that of 
Ricmannian geometry? Only time 
can tell. 
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sics, sp^ce physics, astronomy and experi¬ 
mental high energy physics. 



Fuel saving devices for automobiles 


SEMICIRCULAR BAFFLE 


The internal combustion engines used in 
automobiles are inherently vuriuhlc 
speed machines. Normally, these engines 
operate at their peak efficiencies only ut a 
particular speed or torque. In practice, 
naturally, they have to operate at a wide 
range of speeds. This gives rise to many 
problems, more so when the vehicle is 
used in urban areas where it is required to 
stop and slow down frequently due ti> 
traffic signals and congestion. Two de< 
vices now reported may lead to a better 
engine performance and a fuel saving of 
30 to 40 per cent. 

One of the problems in operating at a 
speed other than the optimum is ineffi¬ 
cient combustion. Inefficient combustion 
is partly dependent on the closing and 
opening of the valves and their co¬ 
ordination with the engine cycle, riic 
timing is normally taken care of by a 
camshaft, but the timing schedule of the 


valves is fixed and matched to engine 
performance at optimum speeds. At 
other speeds the same timing schedule 
will not ensure efficient combustion. 

A solution to this problem is variable 
valve timing (V\"i i which adjusts liming 
schedule to operating speed. Several 
engineers have tried their hand at design¬ 
ing such v\ T devices but have been 
daunted by the complexity and cost of the 
mechanism. Stephen Mitchell, an engine 
dcsignei working on vvi tor the British 
National Research Development C'orpoi - 
alion. has now come up with a simple \ \ i 
device {Popular Sitnur 218 2, S). He 
has been able lo cut down the tuel 
consumption of a Yamaha 2.Mi cc engine 
by 43 per cent on test ned. 

Mitchell's device icqiiires a separate 
camshaft lor each cyliiukT m the engine. 
He provides an eeeentne or ofl-cenire 
drive to the eamshalt instead ot the 
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Semicircular baffle saves fuel wastage.Fuel 
is wasted due to backflow in a normal 
carburettor design The semicircular baffle^ 
guides flow to prevent wastage 


normal coaxial design. Then, even if the 
dnxing shatt rotates at a eoiistant angular 
velocity, ill one cycle of the rotation, the 
angular velocity of the caiiishiitt is slower 
and taster than the aveiagc. respectively, 
in the two phases of the cycle. The 
degree of eccentricity determines how 
fast or slow eamshalts will rotate, and can 
he ad|usted as required to ensure more 
etticient timing. 

Some hurdles, howevei. have still to he 
crossed. Separate eamshalts for each 
c>lindei will be a problem. In the lest the 
.idjusimeiUs are eametl out manualK. If 
the device is to become practicable. 
iid|ustmciits will have lo be earned out 
automatically. .Mitchell has proposed 
powei li\draulic ileviccs to eflecl the 
adjusimciirs. Such devices have yet to be 
designed and tested, and the response 
lime lor leedliaik at such high ipm will be 
a problem. If Milefiell succeeds in this, it 
will mdeeil be a great step towards highly 
cTlieient engines 

The othei device is a simple modifica¬ 
tion of .1 caibiiietlor fuel iio//le. It is 
repniiedlv mLoiporaicil in their latest 
designs In llic Marvel-SeheblerTTlIoston 
Division ol Boig-Warner Corporation 
{Ih'Miin 62 21). In fre¬ 

quent slopping or varving of speed, air 
eolumn ic^oii.mce and reveisal air flow 
in caibureliois lead to wastage ol tuel hy 
si^akmg up ihe an liltei. The new device 
simpiv incorporates a scmiurculai baffle 
behind the carburettor fuel nozzle. This 
lechannels the hack flowing air m the 
nozzle and avoiiK fuel wastage. 

The device icporledly results m .TO per 
cent fuel saving in small gasoline engines. 
In the present kiel crisis, it is well worth, 
mv estigaling whether such devices can be 
easily incorporaled in e'Xistmg engines. 


CAMSHAFT LAGS 


CAMSHAFT LEADS 


Eccentric displacement varies valve timings. At A is shown a schematic view of the 
normal coaxial connection between the drive shaft and driven camshaft. When the 
camshaft is given en eccentric displacement, the camshaft will rotate slower and faster 
than the drive shaft as shown at B and C, respectively. Adjusting eccentric displacement 
can then change valve timing for better performance 
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)H QUAury 

Robert E. Cole 

More than skin deep, the high quality of Japanese products is 
achieved through innovative and cooperative approaches to 
design, manufacturing, and above all, management 



A n estimated one out of every ten 
workers in automobile assem¬ 
bly plants is engaged in repairing 
suDst^dard items, resulting in truly 
staggering costs for scrap, rework, 
retest, downtime, yield losses, and 
disposal of substandard components. 
Yet, until recently, American firms 
have not given product quality the 
high priority they reserve for other 
considerations such as cost reduc¬ 
tions, prompt delivery, and produc¬ 
tion efficiency. But growing press¬ 
ures from the consumer movement, 
the courts and government are forc¬ 
ing significant changes. The com¬ 
panies themselves are increasingly 
aware of the enormous costs and 
reduced productivity from not doing 
the job'right the first time. 

But the big factor stimulating in¬ 
terest in quality is the massive flow of 
Japanese products into the American 
marketplace. The Japanese have suc¬ 
cessfully used high product quality as 
a major marketing strategy. They 
have recognised that quality super¬ 
iority can be converted into higher 
prices or market shares and that 
marketing means not only systematic 
selling but also knowing what is 
valuable to the customer. 

Simply a better car 

I’he US automobile industry rec¬ 
ognised its own deficiencies after it 
suffered massive defections at the 
marketplace. Its own warranty-cost 
comparisons and consumer surveys 
revealed a growing gap between the 
essentially steady trouble frequency 
of American cars and the rapidly 
declining trouble frequency of 
Japanese cars. Whether this is simply 
a matter of fit and finish—finish of 
sheet metal and paint, and the accur¬ 
acy with which parts fit together—is 
an issue of some debate. B^ut design 
methods, engineering, management, 
and assembly processes clearly are 
involved. 

Contrary to the popular view that 
American automobile quality has 
been declining, what in fact has 
happened is that Japanese auto quali¬ 


ty has been rapidly improving. 
Moreover, the car-buying public has 
become much more sensitive to qual¬ 
ity; in one consumer survey, quality 
was cited most often as the basis for 
purchase decisions, ranking above 
fuel economy, price, and styling. In 
another survey, uualily of assembly 
moved from a ranking of sixteenth to 
second after “value for the money" 
as the critical factor in consumers’ 
choice of car models. In a survey 
reported in Design News, Japanese 
cars stand well above American cars 
while German cars score higher than 
cither in public perceptions of quali¬ 
ty, suggesting that high quality is not 
simply a result of cultural conditions 
unique to Japan. Japanese cars are 
not superior to American cars in all 
respects: American cars appear to be 
safer and more durable than compa¬ 
rable Japanese cars. Bui, by and 
large, the news aboilt quality has 
been bad for American auto firms 
and for those who depend on the 
auto companies for their livelihood. 

Automotive quality involves the 
entire collection of activities by 
which manufacturers achieve “fitness 
for use,” as defined by the final user. 
This may be a matter of “peculiar” 
consumer taste, such as demand by 
Japanese buyers for tight-lilting 
doors, or of how a car fulfils its basic 
transportation function. However, 
UwS auto management has too often 
defined quality in its narrowest 
sense: as conformity to specifica¬ 
tions. This becomes an end in itself, 
the subject of dispute among diffe¬ 
rent departments and specialities 
within the industrial bureaucracy, 
and the final user is forgotten. 

The Japanese have given this das- 



definitioti a little flavour of their 
;f^wn. For example, Nissan and 
f Toyota consider all those who work 
\ on the production process as custom- 
";crs. American auto firms have been 
jjso busy competing for maximum 
^profits while accepting their current 
'^.market share that they tended to 
^overlook users' needs. Too often, 
American manufacturers h;|ve used 
product quality as an advertising 
gimmick without delivering the sub- 
: stance. As long as a firm's product 
;; duality was at the same level as its 
'domestic competitors', it didn't need 
' to worry. 

Stanley Pace, president of IRW (a 
• major automotive supplier), recently 
. referred to Alfred Sloan's ohserva- 
; tion in the early I92(ls that to gain 
market share against a cennpetitor, it 
f is not necessary to have grcaler-than- 
' competitive quality. It took the 
t’aLsed public concern with quality. 
Stimulated above all by the Japanese 
import invasion, to bring American 
manufacturers back to the real bot- 
:,:tom line. 

Arthur Burns, former chairman of 


ddetion ^uf^ervisors are tibdier 
tremendous pressure from superiors 
to meet production quotas. All too 
often, employees are slapped on the 
wrist for poor quality but penalised 
severely for failing to meet quotas. 
This often leads workers to run sub¬ 
standard parts and let the final in¬ 
spector or dealer worry about the 
resulting problems. It's no wonder 
that hourly employees are a little 
incredulous* when the same super¬ 
visors mouth company quality slo¬ 
gans. 

Some observers attribute Japan's 
success to superior automotive 
technology. Advanced technology, 
particularly automation, can clearly 
improve quality, and Japanese man¬ 
agement IS more likely to automate 
for this reason than American auto 
management. But allegations of a 
Japanese lead in automotive technol¬ 
ogy are highly exaggerated. 

For example, early in 19811. an 
article in the Washih^ton Hast re¬ 
ported that the new Zama assembly 
plant of Ni.ssan Motors turns out 
1.300 cars a dav with 67 workers on a 


advahetd techiioidgy— derives ' 
damentally from me application of 
specific management systems. Sever¬ 
al practices in Japanese organisations 
have been instrumental in lifting 
Japan from a reputation for cheap, 
shoddy products to u position of 
world leadership in quality. 

Interactive design 

Perhaps the greatest sources of 
automotive failure lie in weaknesses 
in engineering design. Product de¬ 
velopment and design often precede 
usage by several years, so it is most 
important to discover weaknesses 
during the engineering design stage. 
Costs are multiplied tremendously it 
flaws arc discovered in the field. 

In Japanese manufacturing firms, 
the product design process involves 
cooperative relationships throughout 
the organisation, including produc¬ 
tion workers. All parties take high 
product quality as given, reconciling 
their differences via discussions bc- 
b)re final specifications arc .set. In the 
words of one high-ranking Japanese 
manager, “Wc work hard to build an 


. the Federal Reserve Bank, last year 
attributed the ‘poor imality of Amer¬ 
ican products to the loss of the 
American work ethic. However, con¬ 
sidering that the gap in quality be¬ 
tween Japanese and American cars 
results almost entirely Irom the more 
rapid decline in the trouble frequen¬ 
cy of Japanese cars, one can hardly 
■ attribute the Japanese improvements 
to a decline in the American work 
, ethic. To be sure, when a plant is 
experiencing 15 per cent absenteeism 
. on Mondays and Fridays, it is diffi¬ 
cult to turn out a quality product. 
But, US automakers must confront 
the reasons for this high absenteeism. 

' In many automotive plants, pro- 


shift. making it the world's most 
automated assembly plant. In reality, 
this plant turns out 30,(MK) cars a 
month using a standard two-shift 
operation, with 2,000 production 
workers on each shift and I.IMH) 
support staff, a total of 5,000 em¬ 
ployees. A US firm would need a 
similar number of workers to staff a 
new assembly plant with that kind of 
output. Robotics in fact account for 
only a small percentage of Japanese 
auto production. The Japanese ex¬ 
ecute known technology extremely 
well, but there is no evidence of a 
long technological lead. 

Product quality is not simply the 
result of statistics, hard work, and 



Japanese cart being loaded for eKport to the United States. Recently, Japan's Trade and 
Industry Minister, R. Tanaka, said he was ^'eighty per cent confident" the car dispute with 
the US .would be settled through government-backed export restraints 




overlap of different deparimenial 
skills at an early stage rather than 
allowing a clash of departmental in¬ 
terests at a later stage." 

The engineers begin by issuing a 
design with specifications only loose¬ 
ly designated, describing the critical 
functional characteristics, hinting at 
the process, and defining generally 
the materials required. These func¬ 
tional characteristics relate to sales, 
quality, and engineering. Manufac¬ 
turing, marketing, purchasing, sales, 
and quality-assurance staff then meet 
with the design staff to work out the 
details. Parts suppliers often become 
involved at this .stage. 

Quality considerations also play a 
Igrger role in the design of manufac¬ 
turing processes, reflectetl in the 
more extensive use of statistical tech¬ 
niques in quality-control systems for 
manufacturing assembly. Finally, 
once the design is in production, 
regular modifications arc made in 
response to feedback from the manu¬ 
facturing staff and hourly personnel. 
By contrast, US automobile produc¬ 
tion workers or their supervisors 
confronted with out-of-tolerance 
parts will often decide to run them 
without informing design engineers. 

The design department in US auto¬ 
motive firms is assumed to be rela¬ 
tively self-sufficient. Accustomed to 
a relative monopoly on product spe¬ 
cifications, the design department 
tends to produce drawings with exact 
manufacturing details even though it 
is not necessarily best qualified to set 
parameters on reliability, mainte¬ 
nance, and users' co^ts. Feedback 
from other departments, although 


i 


I 

I 
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foViYial, infrequent« and too ^te. 
Moreover, (luality-control personnel 
often lack the authority to veto en¬ 
gineering designs, making it unlikely 
that they will be able to resist press¬ 
ures to meet other priorities at the 
expense of quality. 

In US auto firms, pressures to 
shorten the period from product con¬ 
ception to production are so 
extreme that fitness for use is down¬ 
played, but this results in high testing 
costs and many years of ‘‘production 
fixes/' The Japanese also try to 
shorten production cycles, but they 
recognise that good design is the key 
to quality, which they will not trade 
off against short-term savings. 

We tend to look lor technological 
fixes rather than deal with human 
and organisational shortcomings. For 
example, computer-aided design 
might be expected to solve some 
design problems. It does dramatically 
shorten product cycle time, and en¬ 
gineering designs can now also in¬ 
clude manufacturing instructions. 

Relating to vendors 

Product quality depends strongly 
on the materials and components 
supplied by vendors. In IIS automo¬ 
tive manufacturing, purchased mate¬ 
rials account for about half the maiui- 
facturing costs: the comparable li- 
gure in Japan is roughly 7(1 per cent. 
Buyers must rely on vendors as 
though they constituted ainUher de¬ 
partment. This is oiien not the case 
in the US. Vend(>is are treated as 
independent jiarties, and then re¬ 
lationship with buyers is contractual, 
with careful aHcntit)n paid to prop^ 
rietary interests. Apart from inspec¬ 
tion. communication tends to occur 
only during crises. Indeed, the staff 
devoted lo vendor assistance is 
minuscule and ollen in need 4 )f 
competent problem solvers. 

Price competitiveness tends to 
dominate the selection ol a vc’iulor. 
Buyers draw on several vendors lo 
sharpen competition and minimise 
the possibility ot disruptit)n. Ven¬ 
dors, 111 turn, often supply compo¬ 
nents to different manufacturers. Be¬ 
cause vendtirs can gel bv with sup¬ 
plying merely adequa‘e components, 
there is little incentive to innovate 
and to produce exceptional quality. 


Moreover, to biaxiinw compctitipn, 
manufacturers generally avoid com¬ 
mitment to a supplier before their 
designs are approved, making it im¬ 
possible to involve vendors in design. 

Perhaps in recognition of the more 
critical role of purchased parts in 
their industry. Japanese automakers 
have evolved a very different stvie. 
The relationship between vendors 
and buyers is one of interdependence 
rather than independence, coopera¬ 
tion rather than conflict. Because 
quality is crucial, buyers reject sub¬ 
standard components even if this 
slows down the production schedule 
and make strenuous efforts to coop¬ 
erate with vendors to insure product 
quality. 

Proprietary interests are de- 
emphasised. and although some ma¬ 
jor firms have strong equity positions 
in their suppliers, these partnerships 
seem no stronger than in cases where 
there arc no such holdings. More 
commonly, Japanese manulacturcrs 
can increase suppliers' respvinsivc- 
ncss to requests h)r improved quality 
and ciist reductions because they 
draw on more than one vendor, and 
each vendor generally sells onl> to 
that manufacturer, l o be sure, rtiajoi 
Japanese companies have exerleil 
trcmendiHis pressure to squee/e cost 
reductions from suppliers at the ex¬ 
pense ol quality. Nevertheless, 
cooperation between auto maruiTac- 
turers and their vendors has'en¬ 
hanced quality. 

Vendor relations involve systematic 
exchange of technical, economic, and 
managerial intormation and services. 
Indeed, some automakers such as 
Toyota own joint research facilities 
with parts suppliers. 

Management of quality assurance 

Organisation of quality amtrol is 
critical. Japanese line managers and 
production employees, rather than 
staff .specialists, are primarilv respon¬ 
sible fyr quality assurance. I'laining 
is company wide, including statistic^ 
problem-solving methods for top 
management, which actively directs 
quality control activities.' Middle 
management is largely responsible 
lor interdepartmental planning and 
coordination ot quality activities; 
staff quality-assurance specialists 
have only a limited role as consul¬ 




tants and trainers. Productii?^' 5 ;^ 

gers and supervisors assui. jj 

important role in product and pu i 
cess planning, quality control, shop^ 
improvements, and quality- 
improvement programmes for workr 
crs. Finally, production workei^ ; 
themselves, through “quality-control , 
circles*', are encouraged lo inspect • 
their own work and trained to iden- J 
tify and solve shop problems. 

At I'oyota, workers who spot qual- ; 
ily problems can halt assembly with- ! 
out consulting superiors, helping to 
pinpoint the exact cause. Doing thc '^ 
job right the first lime is more than a : 
slogan—it is built into the tirganisa- 
lional structure. Reliance on worker 
self-inspection encourages attention 
to detail and preventive problem solv¬ 
ing, reducing the costs of hiring 
full-time inspectors. 

Thus Japanese managers treat 
their employees as resources that, if 
cultivated, will yield economic re¬ 
turns to the firm. Firms invest in 
training for all emplovccs and 
emphasise development of a labour 
force skilled in a variety of jxibs. All 
vvoikeis arc assumed to be capable 
and desirous of contributing to the 
firm and are made to feel like fully 
contributing members: production 
workers, for instance, are on month¬ 
ly salary rather than hourly wage. 

By compatison, US automotive 
firms maintain separate and large 
staffs of quality specialists, including 
quality-c()ntror inspectors and rclia- 
bilily engineers w ith major responsi¬ 
bility for achieving quality. Indeed, 
the term ‘quality control" accurately 
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From Alchemy to to-day*s 

Science 


Alchemy began by an obsessive urge for transforming the baser metals into gold. 
The experiments of Alchemists recorded under mystic terminology, 
gradually led to the discovery of metallic arsenic, antimony and phosphorus. 

We at Sarabhai M Chemicals have an obsession of alchemists, not for 
producing 'Philosopher's Stone* but for providing an ever increasing 
range of ultra high purity and trustworthy laboratory reagents— 
the tools of modern chemists. 
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Where scientific tradition of ingenuity never dies. 
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HUMAN GENETICS? 


I 



Much of whet m m !• dIelaM by our g«nas. OenttlM Should iwtl you Why you m taN 
or short, bsid or blonds. But bcfors tiickling the 1S questions given hers, you could road 
the box below and got familiar with the terminology. Answer with brief details are on the 
next page. 


I. The concept of the gene is a most 
important one in biology. Except in a 
few viruses, genes are composed of 
DNA Therefore, the gene is a unit of 
DNA. a particulate hereditary determin¬ 
er. It is capable of self-replication, and 
can undergo mutation and re¬ 
combination. Dna is composed of four 
nucleotides bases A. T. O, C\ The dna 
structure is usually a double helix. A 
gene is a length of dna which usually 
consists of to 1,5(KI nucleotide pairs. 
The length of the dna double helix 
occupied by a nucleotide pair is .V4 A (1 
Angstrom unit A = Jt^" metre). 

In man the amount of dna per di¬ 
ploid cell IS about (v4 x lb nucleotide 


pairs. Assume that a man has 10" cells. 
What would be the length of an imagin¬ 
ary double helix formed tiom the total 
amount of dna in a human being? 

A. 50 km 

B. 8(KM) km 

C. 65 cm 

1 ). .'!:0.000.01M),IH)0 km. 

2 . Baldness is a genetic trait expressed 
only in men, and not in women. True or 
false? 

3. A couple has eight daughters. The 
husband claims it is the wife's fault, 
genetically, for not giving birth to a son. 
Is his claim true or false? 


Gene jargon 

At the first stage of the life process, all animals and plants start from a liny 
fertilised egg-cell, which divides and grows. One kind of creature can produce 
only its own kind on account of genetic information stored within the sex cells. 
The genetic information is stored in specific hereditary units made up of 
deoxyribonucleic acid, dna for short. It may be said that each gene determines a 
specific hereditary characteristic. The same gene usually exists in many forms, 
called alleles. The different alleles of a specific gene determine the degree to 
which a specific function or characteristic is expressed by the organism. The 
genes occupy fixed positions, or loci, on the chromosome—in fact the 
chromosome is a linear arrangement of genes, containing one allele at each 
locus. 

In the body cells of man and most of the higher organisms, each of the 
different chromosomes is present twice. In other words, such cells have two 
alleles of each kind of gene. The organism is thus said to be diploid. The sex 
cells (sperm and ovum) are exceptions and are said to be single or haploid. Since 
the male and female supply a haploid sex celPeach, the diploid nature is 
restored at fertilisation. 

It will be important to know the use of certain symbols of genetics used in 
the quiz. Let's consider genes for a hereditary characteristic, curly hair, for 
instance. We have taken C and c to designate two different alleles of the same 
gene. Three possible genetic compositions (or, to use the scientific term, 
getfotypas) can exist. Of these, two are homozygous, because they are CC and 
cc. The third type is the heterozygous Cc. Very often, the Cc individual may have 
as much curly hair as the CC individual. If that is the case, C Is said to be the 
dominant allele and c the recessive allele for curly hair. Often, geneticists use 
other .such symbols, for instance, Tt for heterozygoujt tallness, or DD for 
homoirygous dwarfism, etc, as the case may be. 

Remember that an individual has received genes, or Dna, from both parents. 
The genetic instructions from one parent may overrule the instructions from the 
other parent and often the two sort of inalructions lor a characteristic may 
other. An individiiNil’s total chairaetertstles {iet% forget about the 
actquimf the resultant of af/the oInA ii^tructibna. That's vvliy 

or twin sisters their parents, while at the 
mum? or dad. > 


4. It is possible to know the sex of a baby.i ^ 

A. at conception. ^ 

B. a few weeks after conception. 

C. only once the baby is born. 

5. Mongolism'*, a condition also knbv WL ^ 

as Down's syndrome, is due to C? 

A. a missing chromosome. 4B|| 

B. a dominant gene. 

C. an extra chromosome. 

6 . A woman with blood group O gave^ 
birth to a male child, also with blood 
group O. The blood group of her hus-«/ 
band is AB. The husband claims it is not 
his child. Is this claim true or false? 


7. Hemophilia is a sex-linked genetic 
disease, where blood does not clot and 
the body can bleed profusely. A norma) 
woman whose father was hemophilic 
marries a normal man. The couple will 
have 

A. all normal children. 

B. all hemophilic sons. 

C. all hemophilic daughters. 

D. the chance of half their sons being 
hemophilic. 


8 . Twins arc always identical. True or 
false? 


9 . Some characteristics are transmitted 
exclusively from father to son..True or 
false? 

10. The process of genes getting trans¬ 
formed is called 

A. transformation 

B. mutation. 

C. evolution. 

11 . Children born to blonde-haired par¬ 
ents will 

A. all be blondes. 

B. all have black hair 

C. have hair colour that is unpre¬ 
dictable. 


12. Consaiigiiinoiis marriages (those 
involving close blood relations), from a 
genetic point of view, is nut a healthy 
practice. True or lalse? 

13. Children of a straight-haired father 
and a curly-haired mother will be 

A. either curly-haircd or straight- 
haired. 

B. all curly-haircd 

C. all straight-haired 

D. Unpredictable. 

14. Late pregnancies lead to healthier 
children. True or false? 


IS. Sir Francis Gallon suggested a way to 
improve the human race. That branch of 
genetics is called 

A. cloning 

B. eugenics. 

C. recombinant dna technique. 


16. And finally, simie statistics. If five 
babies are born at a particular hospital 
on the same day. what is the probability 
of them being all boys (or girls)? 

A. KM) per cent 

B. 50 per cent 

C. 33.5 per cent 

D. 3.1.3 per cent 
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The Answers 


1 . —D: The length of the on a double 
helix occupied by the nucleotide pair is 
3.4 A. Therefore 6.4 x lO” nucleotide 
pairs X 3.4 A = 2.2 x 10"’ A = 220ems 
(approx) or 2.2 metres ot double helix. 
So, for every cell, 2.2 x l(r = 
22(),(KK),IK)0,(KH) km (22 x II)"’ km). 
Mind you, the distance horn the Earth to 
the Sun is only about 14.8 x Ml' km. 

2. —False: Premature baldness in men 
has been explained as a sex-limited trait 
(not a sex-linked trait) controlled by a 
gene, B. The homozygotes BB (sec box) 
are bald irrespective of the sex. 'Fhe 
alternate homozygotes bb are non-bald. 
In the case of heterozygotes, Bb, they 
are bald if men and non-bald if women. 
In other words, the allele (alternate 
forms of the same gene) B is dominant 
over b in men, but b is dominant over B in 
women. That’s why baldness is much 
more common in men. This is an exam¬ 
ple of a gene where the dominance rela¬ 
tionship of the alleles is influenced by 
sex. 

3. —False: The tlaim of the husband is 
not valid. Human cells have 46 chromo¬ 
somes of which two, called theX and Y, 
determine sex. AnXX combination leads 
to females, whileXY leads to males. All 
the eggs (or ova supplied by the mother) 
will be carrying an X chromosome. So the 
deciding factor, whether the child would 
be a boy or a girl, rests with the sperm 
supplied by the father. An X-carrying 
sperm gives rise to a girl, while a 
Y-carrying sperm gives rise to a boy afiei 
fertilisation. In effect, the chances of a 


boy or girl being born arc equal. So, in 
the above case, it is neither partner’s 
fault, and having got eight daughters has 
only been a matter of chance. 

4.—B: Amniocentesis is a reliable method 
of determining the sex of an embryo a 
few weeks after conception. The techni¬ 
que consists of mechanically drawing out 
some of the “amniotic” fluid that sur¬ 
rounds the embryo. After that, routine 
cyiological methods are used to deter¬ 
mine the sex chromosome con.stitulion 
of the cells—XX (girl) or XY (hoy). 



A girl or a boy^ The question is settled 
right at the time of conception 

I'he cells got from the amniotic fluid 
can also be cultured in the laboratory for 
detailed chromosomal and biochemical 
analyses. Such analyses can reveal any 
gross abnormalities in the embryo. 
Amniocentesis offers an opjx>rtunity to 
potential parents in particular and soc¬ 
iety in general to prevent birth of chil¬ 
dren with incurable genetic diseases. 





Amniocentesis is usually carried out about the 16th week of pregnancy. The amniotic 
fluid can reveal the sex of the child as well as many possible chromosomal and other 
abnormalities 




Langdon Down, who in 1866 first 
described the symptoms-—short stature 
(about 4 feet tall), slanting eyes (as in 
Mongoloid races), stubby hands, a broad 
but short skull, large tongue with fur¬ 
rows, loose joints, particularly at the 
ankles, and an extremely low IQ. 


Normal human' cells contain 46 
chromosomes (23 pairs) Down’s syn¬ 
drome sufferers have an extra chromo¬ 
some, and Ihus they have 47, one of the 
chromosomes pairs being actually a tri¬ 
plet. The disease is hence known also us 



A Down's baby 


6.—True. In humans there are four 
major blood groups, called A,B, AB and 
O. I'hesc arc controlled by three alleles, 
A, B, and O, of the same gene. A and B arc 
codominant with each other and domin¬ 
ant over O, and how these blood groups 
are goi can be seen in the table below: 


Genotype 

AA 

Blood group 

A 

AO 


BB 

B 

BO 


AB 

AB 

00 

0 


For the couple in question, the child can 
only have AO or BO genotypes, leading 
to bloixl groups A or B, respectively. So 
the child (genotype 00) must have 
receoved an O gene from its father, 
something the husband does not have. 
Hence the husband cannot be the father 
of the child. This determination would 
not have been possible if the husband 
had A, B or O blood groups. Thus blood 
group analyses cannot always cstahlisli 
fatherhood. I 


Father Mother 










gbbulin ihal cnu>cs sittlcrcrs 
of the disease to bleed. Sometimes, even 
a slight scratch on the skin may lead to 
continuous bleeding and, if uncarcd for, 
the eventual death of the individual. 
J.B.S. Haldane, the noted geneticist and 
writer, examined hemophilia in the royal 
families of Europe and concluded that 
the disease is due to a recessive gene on 
the X chromosome. In this case the 
woman received theX chromosome with 
the hemophilic geite from her father. 


Y chromosome is trans¬ 
mitted from father to son. Charac¬ 
teristics controlled by genes located on 
the Y chromosome show this pattern of 
inheritance. The first established case of. 
holandric inheritance (from mother to 
dauahter or father to son) was reported 
by K.R. Dronamraju, an Indian. In I960, 
basing his observations of the local 
Andhra population, Dronamraju 
reported that growth of hair on the 
external car lobe (hairy pinna ) is 
transmitted exclusively from father to 
son. 


13>—A: The curliness .of hair is con¬ 
trolled by a dominant gene. Heterozy¬ 
gous individuals show curly h^ir^ while 
the homozygous dominant people will 
have extremely curly—kinky—hair as in 
negroes. 

In the case of the straight-haireo 
father and the curly-haircd mother, all 
children get a recessive gene (c) from the 
father, and depending upon whether 
they get a dominant (C) or recessive (c) 
from the mother, they will have curly or 
straight hair, chances of both being 
equal. 


^^^ ^itiophlllo 


Normal 



Normal Normal Hemophilic Normal 
(carrier) 


Pattern of Inheritance in hemophilia. Hap¬ 
pily, hemophilia is a rare disease 


8.—Fal>c: Twins can occur m two dif¬ 
ferent ways. In one case, the ierillised 
egg diNidcs and ihc two cells separate 
(n(»rmally they do not separate) and 
develop independently into two 
embryos. These two embryos arc genet¬ 
ically identical, and the twins resemble 
each other—ihey-arc identical twins (or 
maternal twins). In the .second case, two 
eggs are released (instead of the usual 
one) into the uterus and get fertilised by 
two different sperms giving lise to two 
different individuals (fraternal twins) 
who may not even re.semble each other. 
Fraternal twins are just as similar as 
brothers or sisters—sometimes one may 
be a boy and the other a girl. 



There's evidence to show that Identical 
twins, even when reared apart, sometimes 
have remarkably aimilar lives. Mike and 
Pater Ball are both British bishops. Also, 
both Pater and Paul Warrilow became 
police constablea 


10. —-B: Genes, which arc fundamental 
hercditaiy units were thought not to undergo 
mutations. But, in 1927, HJ.Mulcr, a 
student of T,H. Morgan, showed that 
x-rays can mutate the genes. Muller was 
awarded a Nobel prize for his work on 
induction of mutations, in 1946. It is now 
well estabifshed that genes are made up 
of deoxyribonulcic acid (DNA) and 
the sequence of neucleotides in DNA can 
be changed by physical and chemical 
agents giving rise to mutations. Muta¬ 
tions provide the raw material for selec¬ 
tion, both natural (evolution) and arti¬ 
ficial (breeding). In short, mutations are 
essential for evolution. 

11. —A: Genes for brown or black hair 
colour is dominant over blonde hair col¬ 
our. So a person with blonde hair (not 
(he peroxide ones) will have two reces¬ 
sive genes, in short no genes for brown or 
black hair. In this case, since both par¬ 
ents are blondes there is no chance (bar¬ 
ring udulten) of them having children 
carrying genes for black or brown hair 
colour. 

12. —^True: In most cases mutations are 
delctcri(>us and are recessive. In human 
beings, there are always two copies of 
any gene (except genes of the sex 
chiomosomcsX and Y in males). If a 
gene undergoes mutation during an 
individual's life span, it is not expressed 
because the other normal gene is present 
(which is dominant). When an individual 
carries both the mutated genes, it leads 
to the expression of the deleterious 
effect of the recessive genes. Assuming 
equal number of deleterious genes in all 
the individuals (see graph), the children 
of consanguinous marriages have a gre¬ 
ater chance of getting the genes in dou¬ 
ble recessive doses. 



14. —False. In women, potential eggs in 
their ovaries begin the mciolic (jcll divi¬ 
sion) process before birth and proceed to 
the primary ‘oocyte' stage. They remain 
dormant there until ovulation. The ooc¬ 
yte completes meiosis before men¬ 
struation and one of the ceUs is trans- 
Icrred into an egg cell. The cells of a 
woman 40 years of age have remained 
inactive for twice as long as those of a 20 
year old woman. 'This long period of 
inactivity increases the frequency of 
non-disjunction (unequal distribution of 
chromosomes) in the oocyte, leading to 
eggs with abnormal chromosomal num¬ 
bers. About 40 per cent of all Down's, 
syndrome babies are born to women 
over 40 years of age. 

15. —B: Eugenics is defined as 
improvement of the genetic constitution 
of organisms, especially with reference 
to man. Gallon suggested Ihal people 
willi superioi genoi)pcs should produce 
more children, and those with inferior 
genotypes less, or none. Although 
eugenics is based on sound scientific 
principles, social and ethical con¬ 
siderations stand in (he way of its 
iniplcnicntaiion. In fact, men ha\o been 
using eugenics for plant and animal, 
breeding quite successfully and for a 
very long time. Ironically, Gallon, him¬ 
self an unusually gifted scientist, died 
childless. 

16. -D: 3.13 per cent. Various eoni- 

hiiialions m groups of a given-size 
representing a particukii ratio can be 
calculated b\ expanding the binomial 
(pH q)’. where p and q represent the 
piobabihlies of occurrence iif twi) altci- 
nate events (p rr ho>s. q = girls) and n 
IS the si/e of the groups involved. A 1:1 
ratio for instance, is assumed for bovs 
and gills in human lamilios. riic proba¬ 
bility of having a boy is Iz and the 
prob.ibilitv of having a girl is Here 
five babies are born. We have to expand 
(p+q) and we assume p='/: and q-* 
i.c. p + .Sp'q -f- lOpq + l(lpq -f 

5pq^ q . All boys or girls = p t>r q = 

('-’) - 3.13 per cent. 

This quiz was pepared by T. NARAYAN 
RAO, T. GOPALAKRISHNA and R. MITRA 
of the Biology and Agriculture Division, 
BARC, Bombay. 
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The options before energy planners 


Energy Strategfee: Toward a Solar Future 

(A Report of the Union of Concerned 
Scientists^ Ed: Henry W. Kendall and 
Steven J. Nadis, Ballinger Publishing Com- 
pany. Cambridge, Massachusetta. 1980 , 
xiX't'SZOpbwSoftcover^ price not given. 


An average us citizen consumes 
approximately 2,000 times more energy 
than the average citizen of a third world 
nation. The current energy requirement is 
equivalent to 14 tonnes of coal or 11 .K2(l 
litres of oil for every man. wpman and 
child per year in that nation. With only six 
per cent of the world's population, the US 
consumes more than 30 per cent of the 
world’s energy. Therefore, world atten¬ 
tion was drawn to the energy crisis only 
after the crisis realisation occurred in the 
US. International politics and high stan¬ 
dards of living of the US to some extent 
were related to its efforts to acquire cheap 
sources of energy at a give-away price. It 
engineered the destruction of the popu¬ 
larly elected ''socialist” regime in Iran and 
maintained its stronghold on oil and the 
Arab world. The US depended on imports 
close to 50 percent of its oil consumption.. 

US pj;ospi.‘rity is highly dependent on 
adequate and regular supply of energy. 

I lowever, the United Slates “never had a 
coherent, long-term strategy for assuring 
reliable fuel supplies and for developing 
•satisfactory energy production, conver¬ 
sion, transmission, and storage technolo¬ 
gies". Till very recently, that nation's 
policy governing the management of 
energy resources, energy pricing, energy 
lacility regulation,' and research on new- 
energy technologies had been “capri¬ 
ciously and unsystematically formu¬ 
lated". Policy decision, has at best been 
merely short-term crisis management. 
Successive administrations failed to make 
a competent “technical appraisal" of the 
principal issues in energy policy. The 
energy policy formulation suffered frtini 
lack of inter-disciplinary approach and 
eoliesiveness. Mostly due to the coal, oil 
and ihe niielear lobbies, no serious and 
sincere efforts were permitted on the 
question of a futuristic energy policy. A 
major factor in the present energy crisis is 
that the nations of the North, while 
consuming the highest amounts of energy 
.per capita, did not pay due attention to 
the necessary research and development 
cflorts towards the technological options 
and capabilities. 

Since World War 11, and right up to and 
beyond the price hikes in world oil fol¬ 
lowing the last Arab-lsraeli conflict, vir¬ 
tually all governmental energy research 
and development funds were devoted to 
nuclear technology. Nuclear power was 


projected as the last and the best solution 
for all time to come. The official policy 
called for a massive nuclear power prog¬ 
ramme and it was slated to become the 
most dominant source of energy by the 
year 2000. But in less than one decade, 
following the economic recession, and due 
to strict enforcement of safety regulations 
and legislative watch-dog policy, the US 
nuclear power programme has almost col¬ 
lapsed. The study under review offers a 
thorough examination of policy records, 
technological data, and published and 
unpubli.slied studies on energy alter¬ 
natives. It has come to the conclusion that 
the commitment to the nuclear power 
programme was made “on the bstsis of 
uncritically accepted and highly optimistic 
technical premises" However, the study 
warns us against possible repeat per¬ 
formance in selection of future energy 
technologies. “Systematic, critical, and 
independent technical assessments” must 
be applied to formulation of alternative 
energy sources policy. 

The Union of Concerned Scientists 
(UCS) is a voluntary organisation which has 
been deeply involved in examination of 
the basic problems connected with nuclear 
power. Because of the unresolved techni¬ 
cal problems, together with the doubtful 
economics of nuclear power, the utsin 
1971 began its powei study, l or. b\ then, 
it was clear to the concerned scientists in 
the US that ihc official projections on 
nuclear jiower were highly unrealistic. It 
was the time when the Indian nuclear 
programme was just shaping U|v 

The UCS Energy Study group has 
examined the individual components of 
the US energy system. In terms of explicit 
criteria, it has attempted to provide a new 
comprehensive energy system that would 
meet the energy demands in the quantities 
and forms required by their energy- 
intensive economy. However, the study 
has wisely refrained from simpl) 
extrapolating growth rates for the con¬ 
sumption of the various forms of energy, 
as is the convention with the technocrats 
and the official analysts. Having establ- 
lished the wide range of future energy 
requirements in the major sectors of the 
US economy, it suggests plausible 
technologies that can be used to meet 
these demands. In their technological 
assessment, the Concerned Scienti.stshave 
examined resource availability, technical 
feasibility, economics, and environmental 
effects Most importantly, they have tried 
"to apply an even-handed analysis to all of 
the various technological options”. 

However, in its conclusion the Energy 
Study asserts that "shrewdly selected” 


applications of solar energy have very,/ 
favourable prospects for becoming "they 
basic supplier" of long-term cncr^jiy: 
requirements. They have also observed 
that on technical grounds solar energy sys*;" 
terns and breeder reactors are not mutu-' 
ally exclusive. An energy system based on, 
a small number of breeder reactors 
operating in tandem with a broad range of 
solar technologies would almost surely 
present a greatly diminished threat aa 
compared to a full-scale plutonium 
economy. But it warns that the US cannot 
afford the costs of fully developing both 
solar and breeder technologies. And if the 
choice has to be made between the 
breeder and the solar technologies, the 
concerned scientists hold that the 
development of the breeder for a strictly 
supplemental role would entail an invest¬ 
ment of highly questionable wisdom if it 
can be firmly established, as wc believe it 
can, that renewable energy technologies 
are capable of performing the entire job 
more effectively and safely. 

Based on the scientific and technolog¬ 
ical data, maps, and a host of other studies, 
the UCS volume draws our attention to the 
facts that owing to its “high thermo¬ 
dynamic quality, solar energy is readily 
adaptable to a variety of end-usc tasks 
reefuiring various grades ol energy. A 
combination of solar technologies can 
yield energy in all the requisite and useful 
forms—thermal and electrical energy and, 
with appropriate material inputs, liquid 
and gaseous fuels”. 

In contrast to highly financed studied 
sponsored by the nuclear establishments, 
this study acknowledges important “vol¬ 
untary” contributions of many members 
and experts of the ucs. Fiiiingly, the voir 
ume carries the inscription that “this book 
is printed on recycled paper" j 

DH1RENDRA SHARMA I 

Dr. Sharma is with the Centre for Studies in 
Science Policy, Jawaharlal Nehru Universi¬ 
ty, New Delhi, 
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TheL-lOfl 
keeps trimming its 

fuel bills. 

Gmftd outboard flaps 



Today's rising costs and shrinking supplies of 
fuel have posed a clear and critical challenge: 
find ways to pare down fuel usage. 

And Lockheed L-1011 TriStardesign engineers 
are finding those ways, without costly, time- 
consuming redesign of this versatile, big jetliner. 

Already some major fuel-saving features have 
been added. The exclusive Flight Management 
System automatically controls the throttles for 
the most frugal use of fuel. 

Then Lockheed's exclusive system of Active 
Controls reduces loads on the wings, permitting 
nine feet of wingspan to be added. These 
lengthened wings, in turn, reduce drag and save 
even more fuel. 

Other improvements are in progress. 

Lockheed has added the fourth dimension- 
time - to the standard navigation elements of 
speed, altitude and distance. It has tested a new 
4D navigational capability in multiple landings at 
Dallas/Ft. Worth airport And this 4D System can 
bring the L-1 Oil - within seconds - to an exact, 
preassigned time-and-place position for 
undelayed landing. 


No holding pattern, no wasted fuel. 

The L-1011 's outboard flaps will be curved 3" 
making the wing shape approximate that of the 
most advanced, supercritical wings. That will 
save more fuel. Deflected ailerons already help 
reduce drag and save even more fuel. 

Another mel-saving advance is underway. The 
Flying Tail - only one on a big jetliner- will be 
tied into the exclusive Active Controls System. 
This will provide stability when the L-1011's 
center-of-gravity is moved aft through fuel 
management alterations. The result: reduced 
drag, increased fuel savings. 

All those energy-saving advances, and more to 
come, are possible because Lockheed engineers 
designed the L-1011 to stay the most modern big 
jetliner in the skies. They rnade sure the L-1011 
can accept the best new technology as it comes... 
today and in the future. 


'^Utckheea L-KX! THStar 
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A JETLINER was speeding 
smoothly, cleaving the air nine 
thousand metres above the ground. 
Inside, two hundred passengers were 
happily relaxed—reading, convers¬ 
ing, orcatching up on lost sleep. It 
was a summer afternoon. But for 
some clouds mushrooming from be¬ 
low, the sky was relatively clear 
above the hot, steaming Earth. Sud¬ 
denly the aircraft shuddered. A long 
line of tall chnids and a few jagged 
streaks of light showed up ahead. As 
the FASTEN SEAT BELTS sign was 
flashed on, the plane was swallowed 
by billowing clouds and highly 
turbulent air. All outside visual reter- 
enccs were lost to the pilot, who now 
had only his instruments to rely on. 
But even there, as the aircraft rocked 
viciously, he could not concentrate 
on the instruments panel due to 
“eye-ball bounce'' Even if he could, 
the pressure altimeter and the air- 
^ecd indicator would now be erratic. 
The pilot felt that the aircraft was 
hurtling upwards in an updraught, 
though the indicator showed a nose- 
down attitude. And then, all of a 
sudden, the plane was caught in a 
downdraught that hurled it into a steep 
speedy dive. Within seconds the 
plane had plunged several hundreds 
of metres through the clouds. The 
passengers, panic-stricken, rang fran¬ 
tically for the stewardesses. The pilot 
now turned desperately to the con¬ 
trols. Fortunately, they proved effec¬ 
tive and the dive was checked, just in 
time to avert what could have been a 
major disaster. 


A terrifyine experiencei but air 
travellers need not be unduly alarmed 
by this. Considering the mil¬ 
lions of flying hours done all over the 
world, accidents caused by weather 
are very few, thanks to the organised 
meteorological reporting and the 
consequent briefing of pilots, the 
inbuilt safeguards designed into an 
aircraft and today's pilot training. A 
trained pilot knows the haiiards of 
encountering a violent thunderstorm 
and scrupulously avoids it. 

Passenger comfort, which depends 
upon smooth sailing, is of prime 
importance. Equally important is the 
economy of fuel and time. The all- 
important flight planning depends 
upon meteorological support. An air¬ 
craft's operations are vitally depen¬ 
dent on the winds and temperatures, 
the adverse meteorological factors 
that it is likely to encounter en route, 
and the terminal weather conditions 


at the airports of departure, des^ 
tination and diversion. 

For instance, the mcteorolojgical 
office at Bombay's international air-^ 
port prepares weather charts cover-, 
ing almost half the globe, extending 
from London to Tokyo, every six 
hours. Observations recorded simul¬ 
taneously by hundreds of stations 
over Europe, Asia, Africa and Au¬ 
stralia are received over high-speed 
telecommunication channels through 
a switching computer located at we 
Meteorological Office, New Dellri. 

The observations plotted on the 
charts are of different types. The 
surface observations are recorded at 
the ground stations through both 
visual estimates and instruments. 
And the elements generally covered 
are pressure, temperature, humidity, 
wind, visibility, cloud cover and 
cloud type. In addition, upper air 
observations arc recorded periodical- 


satellite picture of a 
blizzard over the usa on 
25 January 1978. Blow¬ 
ing, drifting snow, 
heavy rains and hurri¬ 
cane winds from the 
blizzard disrupted air¬ 
craft operations 
throughout the north 
east for four days 





lil^; at a Jarge number of siatibna % 
,hydrogen or helium-filled baHoons 
f teleased into the atmosphere. These 
^•^balloons carry targets which are 
tracked by radar, radio theodolites 
.lor wind information, and sensors 
which measure and telemeter the 
; data to eround-based receiving sta¬ 
tions. weather satellites, both the 
polar-orbiting and geostationary 
types, provide information on cloud 
cover over the area of interest when 
monitored by ground stations. They 
also make available some derived 
information on the wind and temper¬ 
ature profiles in the region of scan. 
All these data are received within 
two to three hours of their time of 
recording and are plotted on surface 
and upper air charts corresponding to 
various levels of the atmosphere up 
to nearly 16,(MK) m above sea level. 
The data are then suitably analysed. 

Meteorological offices at most im¬ 
portant airports are also equipped 
' with weather radars. They detect 



thunderstorms and precijpttaiidit ' 
areas and track them from me stage 
of development to decay within a 
radius of about 250 km of the sta¬ 
tions. The data mentioned are furth¬ 
er supplemented by observations re¬ 
corded on the aircraft themselves 
during flight and are either transmit¬ 
ted to ground while in flight or 
handed in as ''debriefing reports" as 
soon as the aircraft lands. These 
reports consist mainly of wind and 
temperature observations at various 
points cn route and speh other im¬ 
portant factors as the presence of 
turbulence, icing, and active thun¬ 
derstorms or tropical storms. 

Air crew setting out on a long-haul 
flight lasting several hours, or their 
flight despatch offices, have to 
undertake detailed flight planning for 
determining the safest and most eco¬ 
nomic flight routing pattern and 
flight altitude. Such flight planning is 
generally done about four to six 
hours before departure. 

Take the case of the wide-bodied 
Boeing 747, scheduled to fly non¬ 
stop from Bombay to London. The 
aircraft gobbles about 13,(KK) kg of 
fuel per flying hour. So, sufficient 
fuel for normal flying and an addi¬ 
tional quantity of it for possible 
diversions have to be stocked on 
board. The meteorological office not 


enoountered along the route, me ter¬ 
minal weather at the destination and 
the designated diversionary airfields, 
but also the upper winds and temp¬ 
eratures likely to be experienced dur¬ 
ing the ascent and descent phases and 
along the route so that a proper choice 
of flight level and routing pattern can 
be decided upon. 

For example, in winter, strong wes¬ 
terly jet streams, concentrated areas 
of high-vcIocity winds generally at 
heights of nine to 12 km and speeds of 
the order of even 2(K) knots (knots, 
defined as nautical miles per hour, 1 
nautical^mile = 1840 m), traverse this 
region and are to be avoided by 
west-bound flights to the extent pos¬ 
sible. Encounter with the jet core is 
likely to reduce the effective ground 
speed of the aircraft and bring about 
severe penalties in both time and fuel 
consumption. These jet streams 
meander and are not always located 
in the same place, nor are they 
oriented the same way every day. 
Meteorologists are vigilant on these 
areas of wind maxima, their height of 
occurrence, core profile and direc¬ 
tion and keep the flight despatch 
office informed. 

Assume that, taking advantage of 
this briefing, a Boeing 747 is able to 
save 15 minutes of flying time. This 


A sample chart (below) showing the iso- 
tachs and win.dLmaxirna (jets) at the 250 mb 
level (about 10,500 m above sea level) on a 
day in the winter season. Pitots flying 
Bombay-London find this useful. A cloud 
band (left) about 6.5 km high over the Nile 
valley in Egypt, the Red Sea and Saudi 


Arabia. This cloud band is parallel to and 
associated with the subtropical jet stream 
which flows from the west. The jet streams 
were first encountered by American B-29 
bombers during World War tl on 24 
November, 1944, as they set out to bomb 
targets in Japan 





kg less of rael. the same 
weight ol cargo or about 30 addition* 
al passengers could go in instead. 

Information on the surface tem¬ 
perature and wind, at the time of 
take-off, over the runway is also vital 
for flight planning. In the hot tropics, 
every degree nse in temperature 
could mean a load penalty uf about 
500 kg for certain types of jet air¬ 
craft. As for wind, a Boeing 707, for 
instance, can have its allowable take¬ 
off weight reduced by about 4,000 kg 
with a 10-knot head wind changing to a 
5-knot tail wind. 

International pilots are given a fully 
documented briefly about two hours 
prior todeparture. Tliisgenerally con¬ 
sists of three contour charts covering 
the route for the levels 300, 
250 and 2(K) mb (corresponding to 
about 9mi 10,5(K1 and 12,(KK) m 
respectively above sea level), a signi¬ 
ficant weather chart on which factors 
hazardous to aviation are marked, 
and the forecasted and latest weather 



Planet grounded at Naw York’s JFK airport 
after e 50-cm snowfall. Snow coverad air¬ 
craft runways are made operable today with 
modern snow removal methods and veh¬ 
icles. Chronically fog-bound airfields are 

turc inversion near the ground. Visi¬ 
bility can also deteriorate to danger¬ 
ous limits in scyere summer dust 
storms which occur in North India. 


being cleared even by ’seeding the fog-layer 
above runways to enable aircraft to make 
approachee through the clear lanaa thus 
provided 


ment which estimate this figure con¬ 
tinuously. 


Low clouds 


observation from the destination air¬ 
port and its diversionary air fields. 
Many other significant data like the 
satellite cloud imagery, radar obser¬ 
vations, warnings of adverse weather 
and flight conditions within the Flight 
Information Region also constitute 
the briefing. 

0 

Some weather hazards 

Aircraft have had to depend upon 
Ihe whims of nature ever since they 
were invented. Adverse weather is 
responsible not only for disastrous 
aircraft accidents, but also for caus¬ 
ing night diversions, delays and can¬ 
cellations. Weather-related snarling 
ol air traffic, can cost the world's 
airline companies crores of rupees 
annually in terms of hotel accommo¬ 
dation for stranded travellers and 
repositioning of crew and equipment. 

The take-off and landing phases 
can be the most weather dependent. 
Poor visibility, very low cloud ceil¬ 
ing, thunderstorms’and squalls, and 
sudden changes in windspeed or 
direction can be potential hazards. 
During cruising, thunderstorms 
and the associated severe turbulence, 
icing and hail, dust storms, miountain 
waves and tropical revolving storms 
can be the general hazards. Clear air 
turbulence (C AT) can also cause con¬ 
siderable discomfort to passengers, 
and if unusually intense, even some 
structural damage to aircraft. 

Visibility 

Visibility normally gets reduced in 
the early winter mornings when fog 
or thick mist develops over an air¬ 
field and there is marked tenipera- 


A dust storm is particularly hazardous 
as it combines very poor visibility 
conditions and turbulence. Smoke 
and trapped pollutants in the stag¬ 
nant air over industrial cities can 
cause visibility deterioration to a 
large extent. Nearly three decades 
ago, the number of occasions when 
visibility over the Bombay airfield 
deteriorated below 300m was only 
nine in a year. The figure is now over 
5(M). 

Heavy monsoon rains can tem¬ 
porarily reduce visibility to very low 
values. Usually, by the time pilots “go 
around*’ once or twice, the spell 
would have passed the zone of 
approach, improving conditions for 
landing. 

The meteorological office con¬ 
stantly monitors horizontal visibility 
conditions either by visual estimation 
with the help of landmarks or with 
instruments. For each type of aircraft 
there is a prescribed meteorological 
minimum condition as far as visibility 
is concerned, below which no 
attempt to land is generally made. 
There are similar limits laid down for 
take-off as well. At important aero¬ 
dromes a specific form^ of reporting 
visual conditions known as the Run¬ 
way Visual Range (RVR) is taken 
recourse to. RVR reports are general¬ 
ly based on instrumented observa¬ 
tions which give an idea of the visual 
range along the runway from the 
pilot's point of view as the plane 
approaches to land or as it takes-off. 
Tnese reports take into account the 
level of obscurity in the atmosphere, 
the background illumination and the 
runway edge-light intensity. Major 
airports have computerised equip¬ 


Landing conditions can be adverse 
if more than half the sky is covered 
with low clouds which have a base of 
3(K)m or less above the ground. Here 
again the meteorologist estimates the 
cloud height either visually or with 
the help of instruments at hourly or 
half hourly intervals. Special reports 
are originated whenever the base of 
clouds which cover more than half 
the sky makes transitions through the 
levels 300m, 150m and 60m. Stratus 
clouds of low base usually occur in 
association with heavy precipitation 
in the rainy season or in the cold 
weather period as lifting fog. With all 
this at hand, pilots do not attempt to 
land or take-off in high risl^ condi¬ 
tions unless they have other compell¬ 
ing reasons to do so. 

Thunderstorms 

Thunderstorms, by far the most 
dangerous weather phenomena for 
aviation, are caused by powerful 
rising currents within fully developed 
cumulonimbus clouds. The release of 
tremendous energy due to the over¬ 
turning of air in the unstable layers of 
the atmosphere gives rise to the 
stormi^. Electrical charges that build 
up in the clouds produce lightning 
and thunder. 

Thunderclouds can reach great 
heights over the Indian area. The 
average heights of tops may be 
around 10 to 15 km but some cumu¬ 
lonimbus clouds may extend even up 
to 20 km or more, particularly in 
summer. The base ol these clouds 
generally vary from 6(.X)m to 9(K)m 
above the ground. During precipita¬ 
tion, however, lower bases and other 
low cloud formations could result. 
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Lasers to aid aircraft landing in poor visible by the ussr to mark glide paths and runway 
3ty. A network of ground-based laser boundaries. With the help of these visual 
beams called Glissada has been developed aids* a pilot can land safely 

Instrument landing and airborne radar 
systems 


If VISUAL conditions are good, the pilot 
takes the help of visual reference points 
on the ground to make a landing. In bad 
weather, when the seeing conditions are 
awful, or even otherwise^for safe landing 
the pilots would tike to rely upon the in¬ 
strument landing system (ils) —radio 
and radar beams from the ground to 
make a safe landing. The system sends 
two radio beams to the incoming aircraft. 
One of them, called the localiser, indi¬ 
cates to the pilot whether the aircraft is 
left or right of the central line of the run¬ 
way . The other, called the glide scope, in¬ 
dicates what the descent angle of the air¬ 
craft should he. The third aid consists of 
three markers along the aircraft's path in¬ 
dicating distances from the end of the 
runway. Generally the instrument land¬ 
ing .systems in use are such that the final 
landing has to be made with visual refer¬ 
ences, the high intensity approach lights 
and the runway markings. 

To fly planes automatically all the 
way as they approach the airport till 
they touchdown, a new system called 
the microwave landing system (MLS) is 
expected to be in operation at major 
airports all over the world by 1990$. 
With the MLS, which will save fuel, time 
and money, all kinds of aircraft will be 
able to land on the runway under zero 
visibility condition from various direc¬ 
tions, with different speeds and angles 
of descent. Planes will be able to land 40 
seconds apart. 

The airborne radar is an invaluable 
instrument for detection of thun¬ 
derstorm and precipitation areas ahead. 
The radar transmits microwave pulses 
and receives the energy scattered back 
by an obstacle. With a properly chosen 
wavelength and power, a radar can 
receive detectable energy scattered by 
water drops in a doud when they reach 


precipitable sizes. Such radars, called 
weather radars" can definitely detect 
thunderstorm areas (due to their high 
water content and large drop size) and 
other areas of precipitation. 

The airborne radar scans the area in 
the forward sector and displays the 
echoes received from thunderstorms and 
precipitation areas on a Plan Position 
Indicator in the cockpit. Radars in fast 
jet planes have a maximum range capa¬ 
bility of about 300 nautical miles (550 
km) while the slower planes can make do 
with radar with a maximum range of 1.50 
nautical miles (275 km). The Plan Pos¬ 
ition Indicator gives a horizontal pro¬ 
jection of the “echoes" on the screen 
from where the azimuth and distance 
from the aircraft can be estimated. Pilots 
arc trained to identify and interpret the 
echoes and they make all efforts to steer 
clear of the dangerous thunderstorms on 
their route. 

J.N. 


Weather radar aboard aircraft 
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mature stage when precipitation has 
started it is composed of up-draughts 
and down-draughts and vigorous 
eddies of such intensity that they-can 
be dangerous to flight. A thunder¬ 
storm may have one or several cells 
of convective circulation which go 
through their life cycles of short 
duration, hardly an hour. Individual 
ceil diameters may vary from 2 to 10 
km. In an active, mature thunder¬ 
storm the up-draughts can reach 
speeds of even 48 to 50 m per sec and 
the down-draughts 15 to 20 m per 
.sec. During the dissipating stage, 
when the up-draughts lack vigour, 
the top of the thundercloud spreads 
out horizontally, causing the charac¬ 
teristic cirrus “ anvil’* to be formed. 

Although large thunderstorms 
modify the airflow in their immedi¬ 
ate neighbourhood, most thunder¬ 
storms drift slowly with the wind 
prevailing in the middle and higher 
layers in which they are embedded. 
When the winds aloft are weak or 
variable, thunderstorms show little 
movement. In such cases, precipita¬ 
tion from the cloud is conffned to a li¬ 
mited area and if the storm is particu¬ 
larly violent cloudbursts result. 


The initial down-draught from the 
thundercloud spreads out horizontal¬ 
ly on reaching the ground and 
appears as a squall at its leading 
edge. Wind speed in squalls may 
exceed 35 to 40 knots. Squalls from 
violent summer thunderstorms may 
even reach KK) knots on rare occa¬ 


sions. The highest squall speed 
occurs generally in the direction of 
movement of the thunderstorms. 


When a thunderstorm passes over a 
station, the prevailing wind will be 
suddenly changed by the on-rush of 
the squall. There is usually a marked 
fall in temperature and a surface 
pressure rise associated with the 
squall. The down-draughts from 
cumulonimbus clouds can sometimes 


trigger off the formation of other 
thunderstorm cells and thus regener¬ 
ate successively. 


Tropical revolving storms 

Meteorological offices can never 
miss locating tropical revolving 
storms (called “cyclones" in these 
parts, "typhoons" in the Pacific, and 
“hurricanes" about the Caribbean) 
with the satellite cloud pictures and 
other aids being regularly available. 
Warnings regarding their location 
and direction of movement are given 
out at regular intervals in addition to 
the normal weather briefings. Since 
tropical revolving storms combine all 
the hazards of thunderstorms—heavy 
prec^tatdon, high wthds. tiprb^lpiioe* 










tween high ridges can be complicated by 
strong eddies and wind abnormalities. 
Cloud-shrouded peaks call for extra cau¬ 


tion 


and wind shear—pilotN scrupulously 
avoid them. 

Hailstones exceeding 2 cm in dia> 
meter could affect aircraft operation, 
sometinjes seriously. On 27 May 
1959 an Indian Airlines Viscount 
bound for Delhi from Karachi flew 
into a hailstorm about 110 to 190 km 
west south-west of Delhi, It sustained 
severe damage near Sikar, Rajasthan 
but landed at Delhr under very diffi¬ 
cult circumstances. The leading 
edges of the wings and the rudder 
were riddled with holes of varying 
sizes—some as big as 13 cm across. 
There were four large gashes; one on 
the cockpit roof, two near the aircraft 
nose, and another lower down on the 
fuselage. All this caused 
pressunsation failure at 5,700m and 
the pilot was forced to descend to a 
heignt of 2,7(K)m. The cockpit wind¬ 
screen got completely smashed due 
to the hail impact. But the Triplex 


An aircraft on a rain-drenched airfield. 
Parked and moored aircraft in tropical 
airfields can be affected mainly by revolv¬ 
ing storms, thunderstorms, hail, strong 
surface wind and gusts, squalls, sand¬ 
glass, which had become opaque due 
to cracking, was still intact in the 
frames. One of the glass windows 
burst through the splinters and the 
hail hit the pilot on the head making 
him bleed. Apart from the holes 
made on the aircraft surface by hail¬ 
stones ripping open the metallic cov¬ 
er, there were innumerable dents 
both large and small, some as big as 
38 cm X 25 cm. The damage could be 
particularly severe in today's faster 
aircraft. 

Hail is sometimes encountered 
even in clear air in the vicinity of 
thunderclouds under the cirrus 
canopy of the anvil—possibly one of 
the preferred areas wncre hailstones 
are spewed out of the cloud in violent 
thunderstorms. 



Data sent back by nasa'b 
Nimbus 7 Satellite has 
been used to prepare 
the map showing high 
ozone levels, indicated 
by the red, violet and 
white bands, over the 
North American conti¬ 
nent. Such maps will 
help pitots of high¬ 
flying jet planee to 
choose sate routes 
avoiding concentra¬ 
tions of the highly toxic 
ozond oas 


storms or ouststorms. Warnings are 
issued whenever such conditions are ex¬ 
pected. Water-logged runways hold an 
element of risk to aircraft while landing or 
taking off 


Icing 

Supercooled water drops can 
freeze easily on the metal frames and 
other parts of the aircraft. This is 
common when the temperature is in 
the region 0 to -20‘'C. In the case of 
jet aircraft, airframe icing is the pre¬ 
dominant factor. Ice can form not 
only on the leading edges of the 
wings. It can also spread backwards 
over the frame causing vibrations and 
alterations in the aerodynamic char¬ 
acteristics of the aircraft. In piston- 
engined aircraft, icing can sometimes 
affect the engines them.selves, parti¬ 
cularly the air intake and induction 
system and the throttle mechanism. 
The heights at which icing can occur 
varies widely with the seasons and 
locations. Yhc freezing level, for 
instance, can be as low as l,5(K)m 
over Kashmir in winter and as 
high as 4,5(K)m to 5,UK)m in the 
central and southern parts, of India 
during the summer and monsoon 
seasons. 

Icing used to be a major problem. 
But now, anti-icing and defreezing 
devices protect crucial aircraft com¬ 
ponents. 

Ughtnlng slrtlcM 

Generally, lightning does not 
adversely affect metal bodied aircratt 
in flight except by causing radio 
communication failure or interrup-^ 

















<ict$Ndi'fODAV; lime 
1^1). Sdlxmio air tempefatwes, 
heavy douda and icy i«e^tatk>n are 
the uaoal alerte against possible 
ttrikes. Chopi^ air, radio static or St. 
Elmos ^ are precnisois of strikes. 
Pilots ssvitGh on their cockpit lighu 
end try not to let lightning fladies 
come in the way of their vision. 

Mountain waves and cat 

Both mountain waves and clear air 
turbulence develop in a generally 
stable atmosphere and give Tittle vis¬ 
ual indications to the pilot. 


otmurMtor ptryMT 



Mountain waves are standing 
waves which sometimes form on the 
leeward side of a range of hills or a 
mountain ran^ when the wind 
increases with height through a stable 
layer. These stationaiy waves can 
extend to depths of a tew thousand 
metres and to several times the height 
of the barrier causing them. Aircraft 
encountering these mountain waves 
can experience turbulence near the 
crest ot the waves where rotor eddies 
form and a marked downward motion 
in the area immediately on the lee- 


Pilots do not gonarally risk entry into a vio¬ 
lent thunderstorm. Neither do they normally 
attempt landing when approaching an air¬ 
field as the combined effects of wind shear 
and down-draughts could be dangerous 

The average frequencies (In number of 
days) of thunderstorm in four typical 
months of the year. Violent thunderstorms 
develop in the pre-monsoon and post¬ 
monsoon seasons. The frequency and 
intensity of thunderstorm decrease during 
the active monsoon season. The 
KalbafshMs (Nor* westers) of Bengal and 
Bihar In spring and early summer are some 


ward side of the range and subsequent of the most violent thunderstorms of the 
descending portions of airflow. world 



Qear air turbulence (CAT) deitotes V 
turbulence outside and away from 
the vicinity of clouds. It is caused 
marked wind shear in a fairiv statw ^ 
layer of the atmosphere, when tte> 
layer breaks into eadies. The eddies^\^ 
can vary from 3()m across to ev^:^; 
3,0(K)m in size, Depending on itkvi 
speed, an aircraft which passes ovef ; 
these eddies can experience turbil^^ j 
Icnce of varying intensities and pas¬ 
sengers may experience discomfort ' 
due to unexpected iolts. Cat is - 
generally patchy and transient in ; 
character and its significance is that to 
occurs in clear air where a pilot s 
would.normally not expect problems,. 
Meteorological offices brief pilots 
about where to find mountain waves 
and CAT. 

We haven't considered the effects 
of these factors on the various types 
of aircraft—^the slow propeller-driven 
aircraft, the faster turbo-prop and 
turbo-jet tyfics, the supersonic, or 
the ultra-modern machines capable 
of vertical take-off—with their indi-' 
vidua! peculiarities of design and 
operation, heights of cruise and 
s^ed ranges. The hazards that are . 
most important and significant to one 
type of aircraft may not be so to 
another type. At the same time, 
newer hazards are coming to be 
recognised with aircraft venturing 
into areas of the atmosphere hither¬ 
to not generally used for air traffic. 
For instance, when the ssr (super¬ 
sonic transport) started flying, the 
possibility of ozone concentrations 
found at the higher level of cruise 
affecting passengers was seriously 
considered and devices for minimis¬ 
ing the harmful effects developed. 
Whatever be the problems, it is quite 
apparent that air safety is almost fully 
acnieved when the pilot is made 
aware of the hazards, trained to 
recognise them and act correctly 
when encountering them. Today's 
aircraft are being designed and 
equipped to withstand many of these 
hazards. 


Mr. Daniel is currently 
Regional Director. Re¬ 
gional Meteorological 
Centre. Colaba. Bom¬ 
bay. He has served the 
India Meteorological 
Department for over 30 
years in practically alt 
fields. His association 
with aeronautical 



meteorology has been close, in 1958 he 
had about a year's training in the uSA In 
Aviation Ground facilities. For two yaars 
he was associated with pilots training at 
the Indian Alrlfnas Central Training Estab- 
llshmant at Hyderabad, and was the Chief 
Mataorologist at the Bombay International 
Airport from 1972 to 1976. 
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...why nothing grows under a walnut tree? 


All of us have seen the banyan tree with 
its broad canopy, and many branches 
with aerial roots swinging in the wind or 
striking roots after reaching the ground 
level. Nothing much ever grows under it. 
Necessary minerals may be present in the 
soil close to the roots of a newly sown 
seedling, but the light that drives photo¬ 
synthesis is partially blocked by the 
canopy of the banyan tree. The walnut 
tree is also associated with a patch of bare 
undergrowth. ITiis, in spite of the fad 
that there is sufficient amount of light. Of 
course, environmental factors are known 
to determine the overall structure of an 
ecosystem as in a banyan tree but, it 
seems that even certain chemicals pro¬ 
duced by plants play a prominent role in 
determining the structure of the 

I eco-system. 

I It is well known that individuals and 
populations do not live alone in nature. 

I hut in association with at least a few. if 

I not a great many,other plants and anim¬ 
als. These aggregations of organisms, are 
not haphazard. Rather, they arc perfectly 
ordered, utilising energy and raw mate- 
lials for their survival. Such communities 
ol plants and animals along with the 
cnvironVncnl which controls them arc 
called ecosystems. Normally, there exists 
a delicate balance between the different 
organisms and their environments, so 
that the members of the community can 
co-exist without endangering the life ol 
other members. 

Plants produce a very large numhei of 
chemical compounds nucleic acids, cel¬ 
lulose. growth regulators, amino acids and 
proteins which are universally present 
and are essential for the primary metabo¬ 
lic processes. However, there is an array 
of compounds of extremely wide variety 
occurring in different plants, some of 
which show different physiological action 
against other plants, insects, pathogens 
and animals. Why do plants synthesise 
such compounds? The answer to some of 
these questions arc now available as a 
result of researches carried out in recent 
years. 

Plants, like other organisms, have 
natural enemies like other plants, grazing 
animals, insects, pathogens, etc. Unlike 
animals and insects, plants in general are 
stationary, and they have evolved diverse 
methods—anatomical, physiological and 
chemical—to protect themselves. Exam¬ 
ples abound of effects of chemicals pro¬ 
duced by plants (phytochemicals) in the 
ecosystem. 

The inhibition of growth under a wal¬ 
nut tree (Juglnn species) has been found 
to be due to presence of a compound 
called iuglone (5 hydroxy-1, 4- 


naphthoquinone). It is present in the 
walnut plant, especially in leaves and 
roots, in non-toxic form. Rain washes it 
down lo the soil where it gets oxidised to its 
toxic form. 

Every one of us is familiar with the 
characteristic odours of some plants, 
which are due to their volatile consti¬ 
tuents. A detailed study of inhibition 
effects of volatile constituents of Snlvia 
Ivucophyllii (Sage genus) and Artemesia 
californicu (Sagebrush) has been carried 
out by Prof. C. H Muller and his group. 
It has been observed that a bare patch of 
land IS always associated where these 
shrubs grow. Analysis of the soil from the 
base using highly sensitive physical 
methods has shown that volatile consti¬ 
tuents of the plants arc adsorbed by the 
soil. Some of (he constituents which have 
been identified are common terpenes like 
alplia-pincne. camphene and camphor. 
Laboratory experiments have shown that 
these compounds do have growth inhibi¬ 
tory actiiMi against grasses which grow 
normally in the absence of these shrubs. 

One of the principal interactions be¬ 
tween plants and animals/insccls in any 
ecosystem is the eating ot some part ot 
the vegetation hv the animals and insects. 
But in the many million years of ecosy¬ 
stem evolution, some intricate and fasci¬ 
nating symbiotic relationships have 
developed. 

Many plants use chemicals lo deter 
piedalois. Alkaloids isolated from Verut- 
rum (Ilelleboic) and tobacco are rather 
toxic and have been used as pesticides 
since ancient times, Rotenoids. isolated 
from Derhs ( Tuba) roots, aiul pyrelhrins, 
isolated from the flowers of chrysaiithc' 
mum species, are well known foi then 
insecticidal actions. 

.Some plants have evolved novel de- 



Annuals Inhibited ty Salvia laucophylla. 
Note the bare zones in surrounding regions 


fence mechanisms against microbial 
attacks. They produce a variety of anti¬ 
microbial compounds following attacks 
by the microbes. These compounds have 
been called phytoalexins. Phaseolus vul 
garis (bean) produces four phytoalexins 
belonging to isoflavonoid group, fo^ow- 
ing infection by tobacco necrosis virus. 

Some plant chemicals defend the plants 
against browsing animals. For example^ 
palatabilily differences between clones of 
reed canary grass lo lambs have been 
correlated with the presence or absence 
of alkaloid in various clones. Certain 
vernonia species remain untouched by 
cattle in heavily grazed pastures. This has 
been found to he due to a sesquiter- 
pcnelactone glaucolide. Rather, reccm 
researches are directed to analyse certain 
grasses which arc specifically preferred, 
by cattle. (ScitNCE Tchmy. June 1981,, 
p. 11). 

However, chemical interactions be¬ 
tween plants are difficult to perceive. 
Many fungi—moulds—are parasites on 
plants and cause plant diseases. Even 
some higher plants act as parasites, if not 
for food, than for space, like the strangler 
figs (Ficus). However, in most ecosy¬ 
stems the principal interaction between 
plants is of a competitive nature. Com¬ 
petition occurs when one plant interferes 
with the needs of another for light, water 
or minerals or any other necessary en¬ 
vironmental commodity. The plant may 
achieve the desired end-result cither 
directly or by biochemical - suppression. 
The latter is by secreting potent inhibitors 
or toxins, which have been discussed 
here. Individual plants may weaken or 
die and populations disappear. 

In conclusion, plants have developed 
novel mechanisms in order lo survive 
from their many enemies and competi¬ 
tors. They do not have to rely on ‘cosme¬ 
tic spraying' where insecticides are ap¬ 
plied in great qiiuntities. tather indifK:ri- 
minately. to produce wholesome crops. 

I he use of Dirr (dichloro-diphebyl-i 
trichloro-ethane) has decreased consider¬ 
ably, not just because the chemical killed 
other insects, birds and animals, but , 
because the pests started developing re¬ 
sistance. Such problems are not encoun- j 
tered by plants when they have to strug- | 
glc with their natural enemies or when 
they have to compete for their essentials 
with other plants. Studies on these in¬ 
teractions can well give newer methods of 
pest control. 

A. BANERJI 


Dr. Banerji is with the Chemical Ecology 
and ^est Control Section of the Bio-organic 
Division. Bhablia Atomic Research Centre, 
Bombay. 
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1C touch switch 


An electrical circuit carrying an alternat¬ 
ing current radiates energy in the form of 
electromagnetic waves, which travel in all 
directions. This is the phenomenon used 
in radio communication and broad¬ 
casting. 

The electric supply in most part of 
India is in the form of alternuting current 
(AC) having 50 Her!?, that is, cycles per 
second, as the mains frequency. Though 
this frequency is quite low. compared to 
the range of frequencies used for radio 
communication, this also generates a 
certain amount ol electromagnetic waves. 
Thus, any conductor, including the hu- 
nhan body, that is close to an electrical 
circuit'can develop an induced voltage 
because of these waves. The low- 
frequency droning sound, call hum. 
which you hear when you touch an input 
terminal of an audio amplifier is due to 
the amplification of the tiny electric 
' currents induced in the human body. The 
device explained below utilises the same 
effect to initiate the K touch switch. 

Use of two Integrated Circuits, ic 555 
as a monostabic multivibrator and kM() 27 
as flip-flop, that is, bistable multivibra¬ 
tor, makes the unit instantly responsive 
to the touch signal. The use of K 4027, 
C MOS Dual JK Master Slave Flip-flop 
eliminates the need for using additional 
relay contacts in the electronic circuit. 

The device basically consists of tour 
stages: touch sensing circuit, i(’5.S5 used 
as a monostable multivibrator, ( -Mos K 
4027 used as a flip-flop it bistable multi¬ 
vibrator, Darlington pair amplifier for 
operating relay and the necessary DC 
power supply for all these circuit stages. 

In the standby state, that is. when no 
trigger pulse is applied to trigger terminal 


No. 2 of i( 555, the control flip-flop 
provides high output which holds the 
discharging transistor in conducting state, 
which clamps the charging capacitor C' 
to the ground level. The flip-flop also 
drives the inverting amplifier to provide 
low output. The internal voltage divider, 
comprising three-3 K ohm resistors in 
scries, provides 2/3 Vcc to the upper and 
l(>wer compaiators, respectively. These 
two voltage levels thus determine the 
threshold and trigger levels of the two 
comparators. 

The external voltage divider consisting 
of 3,30 K and 560 K resistors and the 1(K) 
K sensitivity control potentiometer keeps 
the trigger terminal of the IC 555 slightly 
more positive than 1/3 Vcc level. When 
the touch plate is touched by a finger, the 
induced voltage at the trigger terminal of 
the IC 555 provides the necessary negative 
pulse to the trigger terminal of the ic 555. 
This causes the lower comparator to 
provide the output which changes the 
state of the control flip-flop fiom high to 
low. The control flip-flop, thus, cannot 
hold the discharging transistor and the 
inverting output stage provides high out¬ 
put at terminal No. 3 of the ic As the 
timing capacitor *C‘ is now undamped, it 
starts charging through the 1(H) K resis¬ 
tor. When the capacitor charges to 2/3 
Vcc, which is the threshold level of the 
upper comparator, it re.sets the flip-flop 
back to its normal high state. The flip- 
flop thus simultaneously discharges the 


timing capacitor 'C through 014 and 
brings the output again to the low level, 
This completes one cycle of nionostahle 
operation. 

The sensitivity control potentiometer 
provided is h>r adjusting the DC voltage at 
the trigger terminal of the ic 555. With its 
maximum resistance setting, the device 
will have maximum sensitivity. 

The output provided by ir ,S55, at its 
terminal No. 3, is fed to the clock input 
terminal of one of the c mos Dual Master 
Slave Flip-Flop ic 4027. When the l('.5.55 
monostable multivibrator goes through 
one monostabic operation, the clock 
input to k'4027 drives its output from low 
to high. The state of output provided by 
It: 4027 drives its output from low to high. 
The state of output provided by it 4027 
remains high till it' 555 goes through one 
more monostabic operation. The output 
of It; 4027 is used to drive the Darlington 
pair which in turn drives the 12 V relay 
coil. 

Thus, with one touch on the touch 
plate, the relay changes state and remains 
,in the changed condition till the touch 
plate is touched once again. The relay 
contact can be used to operate any 
electrical appliance. 

The monostable multivibrator stage 
using It 555 provides a monostabic 
period of four to five seconds. I'his 
period is to avoid continuous “on-ofl" 
operation ot the relay when the circuit is 
unable to select suitable stable slate. I his 
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toudi plate itmains in continuous contact 
with the finger, then the relay will go into 
the hunting action. 

You may use any metal piece, about 20 
mm in diameter, as a touch plate. The 
wiring distance between the touch plate 
and the trigger terminal of the ic 555 
should be the minimum—less than 150 
mm. if the distance is more than the 
connecting wire the touch plate will itself 
develop sufficient induced emf, which 
might interfete with the operation of the 
touch switch. 


WWe Transformer (Made to o^er): Pri. - 230 
ous contact AC. Sec. - lOV (d |(K) mA - I No. 
will go into Approximate cost of the above electro¬ 
nic components in the Bombay market, 
e. about 20 Rs. 90. 

*^***!k switch, fuse 5(K) mA with 

ouen plate holder, solder, IC experimenter's vero- 

fh ^ iVi suitable enclosure, connector 

‘ than the ^**^**^‘ wires, screws, mains plug, etc. 

ANIL V. BORKAR 


You will need 


fMi) 


Semiconductors: IC 555 - I No. I(' 4027 - 
1 No. 

Transistors: BC 107-1 No. SL KMM No. 
Diodes: By 125 or BY 126 - I No. 

( apacitors: Electrolytic—250 mfd - 25V - 
1 No.: 50 mfd - 25 V - I No.; 25 mfd - 25 
V - 1 No. Ceramic or polyester 0.01 mfd 
1 No. 

Preset or Potentiometer 100 K carbon 
linear — I No. Hesistor.s (all wait 
ivpc): .560 K - I No.: 3.V) K - I No.; 100 K 
1 No.: 10 K ■ 3 Nns.: I K - 1 No.; 3.30 
ohms - I No. 

Relay: Coil voltage 12 V ix with resist¬ 
ance more than 250 ohms, with two sets 
ol changeover contacts suitable for oper¬ 
ating the eleclneal equipment 
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■‘VVe designed hmi for asteroid minm\i, 
hat the how wants us to adapt him for 
sea-hed nodules mining. 


5RAIN TEA5ER5 


.dlf^tpa. His employer hus ordered 
to plant sixteen rose bushes in 
rows, each row containing four hus^en'if 
Fajiure to do this would cost him his 
How should he plant them? 

P. K. MUKI^EfU^II 


(Solutiim netrt month} . \ 

' ■'' '-'M 

Sohitien «o iiMmoiith't train 

' ' ■ 'A>. 

Mimu Charming 

The newcomer bad described the 
as tall and fair with a vety becM^' 
beard and wearing Med jeans imd 
blue shift. The discussion that followbt^' 
shows that: ' 

1. Anand did not have a blue T-shii^;'; 

2. Btpin could not be called fair by aUkv 

3. Dick did not have a becoming beard^ 

4. Edward hated faded clothes, so 
would not come to college in faded jeans. 

5. Farid was not tall. 

Hence, the boy was Chetan. 


A major breakthrough in 
indigenous rotary pump 
technology... 
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VMINIK 

ROTARY VACUUM PUMPS 

with integral oil 
anti-suck back device 


Comprehensive range:2.9 to 
61.2 m»h-' 

High quality and assured 
performance 

I Reliable system protection 
devices 

I Advanced oil lubrication system 
I Easy maintenance 
I Efficient service back-up 




For further details contact : 


Lawrerxee & Meyo (India) Private Ltd.Q 

76. Janpath, New Delhi-110001 
Technical Development & Vacuum Centre, Hyderabad. 
Branches ; Bombay • Bangalore • CalcuPa • Delhi 
# Madras # Secunderabad. 




The latest Jaguar International, in service with the Indian Air 
Force, is an even more powerful version of the aircraft which- 
has proved in service with the Royal Air Force in Britain and 
Germany, with L'Arm^e de I'Air in France and overseas, and 
with the air forces of Ecuador and Oman, that it provides the 
versatile, cost-effective weapon system essential to meet 
tactical defence requirements throughout the 1980s and 
1990s. 


■ it combines supersonic performance with outstanding weai:^n 
load/range capabilities and the ability to sustain high mission 
rates with a minimum of technical support. 

■ it has the advanced systems design and structural qualities to 
penetrate sophisticated defences at high speed and low level 
in all weathers and to locate and attack the most difficult targets 
with consistent precision. 


JAOSO 




k has the reliability and ease of maintainability to allow long 
periods of operation away from base facilities. 

ns short take-off and landing characteristics enable it to operate 
prom unprepared strips, roads, grass or desert surfaces. 

k adds formidable air-combat, self-defence capability to the 
exceptional survival abJKty ensured by rugged structure, twin 
pngme configuration and duplicated systems. 

i 



Desioned,anci built by AbT■ 

To be developed and built In India by 

HINDUSTAN AKRONAUTICS LIMITED, 

DRITISN ABROSMCE A DASSAULT/DREQUBT, PRANCE. 



A cold can be relieved 

There Js a way to relieve a runny nose 
or blocked nose, heavy head, sore throat and 
chest congestion—all those symptoms that can 
spoil the best of days. 

Fight it vtfith a colds remedy 

It's not enough to treat it like you would treat 
any other ailment. Use a special colds medicine 
that works simultaneously on all affected areas. 

Coldarin is only for colds 

Coldarin relieves all the symptoms 
that bring you down. It has special ingredients 
that act together against all cold-affected areas. 
Plus Vitamin C to build your resistance. 

When you have a cold, it makes sense 
to treat it like a cold. 



Specially formulated for colds 
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AWARDS AND PPOINIMfNlS 


WMO honour for P. K. Das 


Dr. P. K. Das, Director-General of 
Meteorology, has been invited by the 
World Meteorological Organisation 
(WMO) to deliver the next International 
Meteorological Organisation (IMO) Lec¬ 
ture in 1983. The iMO, establi.shed in 
1873, was renamed World Meteorologic¬ 
al Organisation in 1951, when it became a 
UN specialised agency. The lecture, which 
carries an award of $5000, has been 
instituted by WMO to commemorate its 
predecessor organisation. 

Saha Institute Director 

Dr. Manoj Kanti Banerjee, Head of the 
Department of Physics, University of 
Maryland (USA) has been nominated 
Director of the Saha Institute of Nuclear 
Physics, Calcutta, for a five-year term. 
Dr. Banerjee was head of the Theoretical 
Physics Department of the Institute till 
1966. 

Meteorology Award 

Du S. K. Mishra and Mrs P. V. Salvckar 
of the Indian Institute of Tropical 
Meteorology. Pune, have won the World 


Meteorological Organisation award for 
1981 with their paper on “the role of 
baroclinical instability in development of 
monsoon disturbances". 

Roads Congress President 

Pkop. C. G. Swaminathan, Director, 
Central Road Research Institute. New 
Delhi, has been elected President of the 
Indian Roads C ongress lor 1981. 

FICCI Award for Jammu Laboratory 

Tiif: Regional Research Laboratory, 
(RRl) Jammu, has been selected for the 
Federation of Indian Chambers of Com¬ 
merce and Industry (PJCCI) Award for 
1981 in rural development. 7'he award is 
in recognition of the laboiatory's success¬ 
ful Laboratory to Land Programme- 

Biogas Devalopmant Board 

Tiif LInion Government has approved 
the setting up of a National Biogas 
Devehipnienl Board to boost the biogas 
project for the Sixth Plan period. Fhe 
apex body is expected to spur the con¬ 
struction of biogas plants; only about 


16,(KK) units are being constructed yearly,, 
as against the plan target of one million. 
Operation Flood II, which aims at cover¬ 
ing 10 million families and raising 10.5 
million head of improved cattle, is ex¬ 
pected to provide crucial support to the 
biogas plant programme. 

Lady Tata Memorial Awards | 

Tmm Lady lata Memorial Awards, for 
1981. in honour of the late Lady Meher- 
bai Dorahji Tata, have been given to Dr. 
B. Azzar Ne, Dr. S. Venuta and Dr. F. 
Lettieri of Italy, Dr. A.D. (’rockard and 
Dr. H. J. Allen of Great Britain and Dr. 
H. Abrams of the United States. The 
international awards, which total 
142,800, are given annually for study and 
research in blood diseases with special 
reference to leukaemia. 

Award of American Society for 
Quality Control 

Dk Kuldip Singh Dhiiidsa, scientist in 
charge. Central Quality Testing Labora¬ 
tory, llarNana Agricultural University, 
has been elected a member of the Amer¬ 
ican Society for Quality Control. The 
honour is in recognition of his contribu¬ 
tions to quality evaluation and improve -1 
ment in cereals and pulses. j 
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SCALtNDAR 


antK»fiipheric bcmndary loyet, «ympM 
Pune, India (K:G. Vernekiir, Secretaty. Organising committee, 
symposium on environmental physics, and atmospheric boon*^ 

, dary layer, Indian Institute of Tropical Meteorology, Pane 411 
005). (Qates not Intimated) 

Microbiology of nitrogen cycling, regional training course, 
Dacca..Bangladesh (UNESC'O). (Dates not intimated) 

Hospital systems and maintenance engineering, int. conf. and 
show: Madras (Indian Institute of Plant Engineers, 8 Than- 
gavelu G:St., Gokulam Colony, T.Nagar, Madras - 600 017). 
(Dates nor intimated) 

Innovations and strategies on education integrated in rural 
development, seminar, Islamabad, Pakistan (UNESCO). (Dates 
not intimated) 

Role of women in the education of the child, meeting, UNESCO 
(UNESCO) (Dates not intimated). 

4-5: Terrestrial and aquatic humic materials, symp., North 
Carolina, USA (Russell F. Christman. Dept of environmental 
science and engineering, UNC school of public health 20IH 
Chapel Hill, North Carolina 27514, USA). 

7-11: New gcnctical approaches to crop improvement, int. symp, 
Karachi, Pakistan. (Dr. K. A. SiddiquI,Convenor, Int, symp on 
new gcnctical approaches lo crop improvement. Atomic Energy 
AgricultiirarRcscarch Centre, Tando|am, Sind, Pakistan. 

10-12: 'I he o|H*ning up lo w omen ot vocational training and jobs 
tt adilionally occupied by man, inlseminur, Frankfurt, Fed. Rep. 
of Gcrrfiany (UNESCO). 

12-14: Mycotoxins, symp, National Institute of Nutrition, 
Hyderabad, India. (Contact not intimated) 

14-16: Communication circuits and systems inu conf., Jadavpur 
(Prof. J.S.Chatlaerjee, Dept, of Electronics and Tele¬ 
communication Engineering, Jadavpur University, Calcutta 700 
0 .^ 2 ). 

17-21: Low-cost equipment for science and technology edu¬ 
cation, meeting, UNESCO, (UNESCO). 

17- 21; Teclinological innovations and their social impact, symp., 
Bonn, Fed. Rep. of Germany (UNESCO). 

18- 20: Lead, /.inc and cadmium: retrospect and prospect, int. 
seminar, Ashok Hotel, New Delhi (Indian Lead Zinc Infor¬ 
mation Centre, B-6/9 Shopping Centre, Safdarjung Enclave, 
New Delhi 110 029) 

20-21: ‘Reliability engineering, regional seminar, Jamshedpur. 
India (R. Krishnan, Hon. Secretary, The Institute of 
Engmeers-*lndia; Subernarekha Link, Sakchi, Jamshedpur 
K31 001, India) 

23«26: Analyitical techniques in environmental chemistr>', int. 
conpcM, Bartctont, Spain (expoouimia, Plaza de Espana, 
Baicelona 4, Spain) 

23.28: Phyaica of aeoiiconductor devices, inu workshop, New 
Detbi, (Dr. T. R. S. Reddy, Secretary, Iniem^ional workshop 
(in the. physics of aemioonductor devices. Sotid State Physics 
LBboratoiy,.Uc]ciioir Road, Delhi 110 007)... | 

and pdpitlaiion uends, 

add 8n%s«s of hydrocarbons in the wvir 
Spain (Dr. I Al|>atge’s, Cfair- 
ij. 


PHYSICAL RESEARCH 
LABORATORY 

Navrangpura, Ahmedabad 380009 

The Physical Research Laboratory makes four 
awards called Shri Hari Om Ashram Prerlt. 
Dr. VIkram Sarabhai Research Awards, every two 
years from funds kindly donated by Pil(jya Shri 
Mota of Hari Om Ashram of Nadiad. These Awards 
will be made to Indian Scientists, who are not above 
45 years of age, on 1st January 1981 for original 
work in the following fields: 

(1) Electronics and Telecommunications 

(2) Planetary and Space Sciences 

(3) Atmospheric Physics and Hydrology 

(4) Systems Analysis and Management Problems 

Although the overall work of the candidates 
would be taken into account, the work done in India 
would be given primary consideration. 

The candidate should have to his credit at least 
one or more of the following achievements: 

(1) Significant achievement in scientific research 

(2) Important and successful adaptation of new 
technology 

(3) Planning, development and implementation 
of systems in the context of science and 
technology 

The selections for the year 1981 will be completed 
by December 1981 and the awards presented on 
12th August 1982. 

The last date for receiving nominations is August 
31, 1981. Sponsors arc requested to send a two 
page note (12 copies) summarising the contributions 
and achievements of the sponsored candidate to¬ 
gether with his her bio-data in a cover marked 
confidential, addressed to the Director, Physical 
Research Laboratory, Navrangpura, Ahmedabad 
380 009. Only nominations made for the year of the 
award would be considered. 

More detailed Information will be asked for by 
the Selection Committee, if considered necessary. 
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.... the sea were not salty? 


WITH burning eyes, many a choking sea 
bather must have wished the sea were not 
salty, little realising the serious con- 
Ncqiienccs. The giant clams and the fahii- 
lous polymctalic nodules would then not 
have been there. And the Harth would 
have had less rains--just a few of the possi¬ 
ble consequences of the seas being dep¬ 
rived of their salinity. 

Of the 71 per cent ol Earth’s surface 
covered by water, 98.33 per cent is saline, 
0.35 per cent fresh, and 1.64 per cent goes 
to form the continental ice. These salty 
oceans support a great variety of 
biomass—plants and animals—involving 
more than 200,000 species and presenting 
an incredible diversity. 


Bui first, how do the waters oi the ticean 
become saline? According to a Norse folk 
tale, a magic salt mill continuousK guilds 
out salt rendering the waters saline. But in 
geophysical terms, fresh basalt flows out 
from the Earth’s mantle rock through the 
mid-ocean ntl, extending over 65,000 
kilometres acioss all the ocean floors. 
Accompanying it is “juvenile” water, 
which is derived from or existing in molten 
rock material. Tins water has never before 
been in the liquid phase, and contains 
many trace and heavy metals in addition 
to chlorine, bromine, iodine, carbon, 
boron, and niirogcn. Equally saline 
juvenile water is released during volcanic 
eniplioiis omirting along the conlmenta 
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margins. These waters, though having the 
same chlorine content as sea water, are 
more acidic due to the presence of a hyd¬ 
rogen ion associated with every chloride 
ion. But in the ocean laboratory, the hyd¬ 
rogen ion is replaced by a sodium ion, 
forming sodium chloride, common salt. 
The concentration of it is about 90 per 
cent of all the salts present, rendering 
ocean waters salty and alkaline. 

The chemistry of the sea has a long his¬ 
tory. Boyle, about three centuries ago, 
was the first to quantify the total salt con¬ 
tent by drying the sea water and weighing 
the residues. Later A. L. Lavoisier sepa¬ 
rated various salts of sodium, calcium and 
magnesium following fractional cry¬ 
stallisation. In 1884, W. Dittmar analysed 
eight elements in 77 sea water samples 
collected on board HMS Challenger on its 
famous round-the-world cruise. 
Since then, about 74 elements in varying 
concentrations, including 13 rare earth 
elements, have been detected in the 
oceans. T hus, sea water is an aqueous sol¬ 
ution containing a variety of molecules, 
dissolved materials, gases (especially car¬ 
bon dioxide and oxygen), and suspended 
materials of organic and inorganic nature. 

Salinity is defined as the Uilal amount of 
solids in grams per kilogram of sea water, 
when all the carbonates have been con¬ 
verted to oxides, bromine and iodine 
replaced by chlorine and all organic mat¬ 
ter completely oxidised. Chloride ions 
constitute about 55 per cent of the dis¬ 
solved solids. But, is this salinity uniform 
over the wide stretch of the oceans? 
Though the average salinity of the world's 
tKcan is about 35t2 parts per thousand, within 

Lelt: What the mythical magic salt mill giv¬ 
ing out salt may have looked iike.ae/ow;The 
sea’s saltiness invokes the concept of 
‘mid-ocean rift" between rigid plates in the 
Earth’s crust. As the plates move apart very 
slowly, basalt from the plastic mantle of the 
Earth flows out, along with "juvenile" water, 
containing numerous elements and heavy 
metals. Atso.at the continental margins the 
volcanoes are ejecting out elements and 
ions, which also go to make the sea salty 
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ijHititude—being minimum near the 
'equator and maximum at about the 
' latitudes 20” North and 20” South. In deep 
waters the salinity varies within a narrow 
limit of 34.6 to 35.0 parts per thousand. In 
isolated seas where evaporation is exces« 
sive, the salinity may reach upto ISS parts 
per thousand as in scmi«encloscd regions 
in Bahamas and even upto 300 parts per 
thousand as in hot, brine areas of the Red 
' Sea. The Dead Sea, with its high salinity, 
has many legends associated with it. 
Though formerly believed to be extremely 
sterile, today it is known that several 
I species (though not large) of bacteria, 
blue-green algae, and even halophytes 
among a vast variety of organisms are 
found there. In contrast, in the coastal and 
estuarine zones, salinity may drop sig¬ 
nificantly with heavy rain fall and river 
discharges. Low salinity also occurs in 
.polar seas through melting of ice. 

The world's rivers pour about 2.7 x H) 
metric tonnes of dissolved solids each year 
into the oceans. And yet there is no evi¬ 
dence at least during the last 200 million 
years to suggest that the total amount of 
salt concentration in the oceans 'has 
changed apprcciablv. However, the com¬ 
position of ancient sediments suggests that 
the ratios of sodium to potassium and 
magnesium to calcium have risen from 1 
to 2S and 1 to 3 respectively. 'I'his is because 
the residence time of sodium in sea watei is 
very high. 

Naturally, if the salt content were 
uniform the diversity in marine organisms 
that we see today would not be there. All 
possil^le ecological habitats are occupied 
by a myriad of marine populations and 
communities in varying numbers, depend¬ 
ing upon their degree of tolerance to salin¬ 
ity changes. The populations and com¬ 
munities sensitive to relatively small 
changes in the salinity are referred to as 
“stenohaline ” and are characteristics o! 
open and deep ocean waters. These forms 
die quickly if carried by winds or currents 
to less saline domains. Their eggs and lar¬ 
vae also lose huovanev and sink to the 
bottom. In contrast to these are the 
“curyhaline” populations and 
communities—the inhabitants of coastal 
and estuarine waters—which have 
evolved a great degree of tolerance to 
wide fluctuations in salinity. Hence 
they are frequently distributed -in the 
domain of stenohaline forms too. Fury- 
halinc species living in zones of reduced 
salinity are generally smaller than those of 
the same species from more saline waters. 
For example, some species of clams in the 
Pacific grow to a giant size with their shells 
measuring a metre or more in length and 
weighing a few tonnes. This is also true of 
many species of algae, invertebrates and 
vertebrates. 

Sodium i.s most important in the trans¬ 
port of metabolites into the cells of all 
living matter though the salts of the other 
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major elements, potassium, calcium and 
magnesium^ also play a major role in pre¬ 
serving the integrity and perfect func¬ 
tioning of the cell. It follows that, less 
saline waters would affect functional and 
structural properties of the organisms, 
which will ultimately lead to reduction of 
reproductive potentials and biological 
activities of organisms. No wonder the 
species from fresh water regimes are 
found to he significantly smaller than their 
saline water counterparts. Vaiious com¬ 
munities of murine species—fish, crabs, 
lobsters, prawns, oysters, clams and algac<> 
harvested for economical uses, are found 
damaged when the ambient salinity is 
dramatically reduced by heavy rams or 
river discharges. A good catch of fish or 
giant lobster will no more be there. And 
the coral reef formation, a most fas¬ 
cinating example of marine biological 
activity in tropical oceans, will he sig¬ 
nificantly affected if there is a.persistent 
great fall in the salt concentrations of their 
natural habitats 

How would human civilisation have 
been affected if the many trace and heavy 
elements which are found in the ocean 
floors were absent? The presence of many 
trace and heavy elements was, delected in 
marine animals and plants before their 
detection in ocean waters. It is an inter¬ 
esting historic fact that within less than a 
decade of the discovery of the element 
iodine in 1811 by Courtois. it was meas¬ 
ured in high concentrations in marine 
sponges and corals, much before it was 
detected in the ambient waters. Similarly, 
in 1960, the cosmic ray-produced isotope 
Silicon-32 was first detected in marine 
sponges by D. Lai. Many marine organ¬ 
isms are thus found to be the '*$tore- 
houses" of trace and heavy elements. It is 
also interesting to know that while con¬ 
centrating these elements, the organisms 
show preference for a particular element 
or group of elements. Similarly, there are 
also inorganic processes through which 
many minor elements are concentrated. 
The classic example of this is the for¬ 
mation of polymetallic manganese 
nodules (Science Today, June 1981) 
which are found to accumulate elements 
such as thallium and platinum in addition 


u> aibiill, nickel, cotper, iron, mangtinesc, 
etc. All these metals are critical for diverse 
industries and human benefits. Salinity, 
temperature and pressure are the master* 
factors, which control the physical and 
biochemical characteristics of the ocean 
waters. 

Some recent studies reveal that par¬ 
ticles of salt from the sea may play a role in 
cloud formation and subsequent rains, 
which nourishs life on the Farth. The 
salts make clouds turn into rain, by com¬ 
bining droplets into big drops. Scientists 
have actively suggested that the rain- 
generating giant nuclei, surrounded by 
sufficient moisture;are salt particles from 
the sea. When winds blow over the oceans 
they pick up this load of salt particles. 
Interestingly, ordinary sea winds carrv 
anywhere hclw'cctume and 12kilogiamsot 
sea watcT per cubic kilometre of ail, w hilst 
storm winds bear 100 kg. These salts car¬ 
ried inland are responsible for rusting of 
our steel cupboards and loss of insulation 
in high tension cables of shore-based 
power generating units. 

Lastly, life itself would not have evolved 
on this planet, if the sea were not salty! In 
short, life is believed to have originated in 
the 'primordial soup’, with its rich source 
of carbon, nitrogen, etc and the per¬ 
meating hydrogen. The dissociation of 
water by ultraviolet radiation and the 
gradual loss of hydrogen eventually led to 
oxidisation of the atmosphere, with sub¬ 
sequent formation of amino and nucleic 
acids. From there, the step to life is not 
very far. 

It IS heyond human imagination to build 
scenarii>s of w hat would have happened if 
the seas weie not salty! We know not what 
creatures and plant life would then exist, 
l^erhaps newer life-forms would have 
cvolveil. And man would have to do with¬ 
out the rich living and non-living resources 
which he has been harvesting irom the sea. 
But man himself might not be there, or his 
biochemistry would have been far diffe¬ 
rent. 

B. PATEL 

Dr. Patel is in charge of the Marine 
Radioecology Broup in the Health Physics 
Division, Bhabha Atomic Research Centre. I 
Bombay. I 
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ON BLAMING THE SCRIPTURES 


Reader T.M.S. Rao 
(Letters, June 1981) has 
seized upon a very small 
portion of my article (View 
points, April 1981) where I 
had said that unless our 
country can create scientists 
possessed with the spirit of a 
Galileo.or a Darwin, our 
society will always remain a 
cesspool of superstition uqd 
backwardness. 1 had called 
for a defiance of the 
absurdities of our scriptures. 
This, Mr Rao interprets as an 
attack on religion. Nowhere 
in my article is there any ' 
attack on religion. On the 
contrary, I share Mr. Rao’s 
view that religion is one's 
personal affair and a matter 
of individual faith and 
experience. 

At the individual level, 
human beings, including 
scientists, have a variety of 
beliefs on not merely 
religious matters but on 
matters pertaining to 
politics, economics, 
international affairs, etc. The 
fact that one is a good 
scientist docs hot validate 
one's beliefs. However, the 
pmblems 1 had raised was 
one relating to the dominant 
ethi>s.ot a society. It is my 
view that our ancient society 
was a cesspool of superstition 
and backwardness. One does 
not see in it that passionate 
spirit of enquiry and 
questioning, so essential for 
science to flourish. 

Mr. Rao mentions some 
unnamed German and 
French scientists who, he 
says, believe in the Bible, I 
would like to know whether 
these scientists think that 
Galileo was wrong in 
resisting the Inquisition. 
Also, what do these German 
and French scientists think 
about the importance of 
the Reformation and 
Renaissance in contributing 
to the spirit of free enquiry 
and to the emergence of 
humanism. And would one 
j^^r. Rao's French scientist 
friends approve of the 
massacre of 


St. Bartholomew, and the 
murders of the Guises, which 
took place in France in the 
name of counter 
reformation? Also, what 
docs the C^wrnn-reading 
Prof. Abdus Salaam think 
about the state of science and 
scientists in the Islamic 
Republic of Pakistan? 

George Sudarshan and 
Op|^>enheimer might quote 
the Bhagwadgita^ but would 
they contend that the laws of 
natural science are derived 
from the readings of the 
Bhagwadgita ? I too read the 
Bhagawadgitii and can even 
recite it and enjoy it. But 
when I come to consider 
secular areas like economics, 
politics and the sciences, 1 
subject them to the 
investigative methodology of 
science which is quite- 
distinctive from the 
methodology of metaphysics, 
theology and faith. That is 
why Albert Einstein in a 
letter to j,E. Switzer said 
that “development of 
western science is based on 
two great achievements; the 
invention of the formal 
logical system by the Greek 
philosophers and the 
discovery of the possibility to 
find out casual relationship 
with experiment 
(Renaissance)" 

A very devout and religious 
man like Thomas Paine 
could not stomach the Bible. 
It's important to read his 
Common Sense. Our own 
scriptures need to be looked 
most absurd is Manusmriti 
with its views on women, 
"\sudras'\ sacrifices at the 
time of Shradh, etc. At a 
.shradh, etc. At a 
philosophical level, one has 
still to reconcile the various 
schools of philosophy to the 
nature and problem 
of change in our 
society. It was no less 
a person than 
the deeply religious 
Arobindo Ghosh 
who, when 

contemplating the state of 
our country, came to the 


following conclusion: 

“If an ancient Indian of the 
time of the Upanishad, of the 
Buddha, or the later classical 
age were to be set down in 
modern India... he would see 
his race clinging to forms and 
shells and rags of the past 
and missing nine-tenths of its 
nobler meaning... he would 
be amazed by the extent of 
the mental poverty, the 
immobility, the static 
repetition, the cessation of 
science, the long sterility of 
art, the comparative 
feebleness of the creative 
intuition". 

Prof. S. Radhakrishnan 
also has something similar to 
say: “We cannot live by 
ourselves in a world where 
aircraft and steamships, 
railways and t<ilegraphs are 
linking all men together into 
a living whole. Our system of 
thought must act and react 
on the world progress. 
Stagnant systems like pools, 
breed obnoxious growths, 
while flowing rivers 
constantly renew their waters 
from fresh springs of 
inspiration... The problem 
facing Indian philosophy 
today is whether it is to be 
reduced to a cult, restricted 
in scope and with no 
application to the present 
facts, or whether it is to be 
made alive and real, so as to 
become what it should be, 
one of the great formative 
elements in human progress, 
by relating the immensely 
increased knowledge of 
modern science to the 
ancient ideals of India's 
philosophers". 

Incidentally, in carrying 
out a public criticism, it is 
best to avoid value 
judgments by calling persons 
with whom one does not 
agree as “mediocre". Mr. 
Rao. should have displayed a 
more charitable disposition 
than he does and perhaps 
showed greater humility, he 
being so endowed with 
religious spirit. 

P. N, HAKSAR 

4/9 Shanti Niketan 
New Delhi 411 021 



ADULTERATION AND 
HEALTH FOR ALL 

An important aspect of 
Indian life where public 
health is imperilled is 
adulteration. Saroj S. Jha 
(“Health for all by 2000 
AD*', May 1981) has not 
mentioned this point in her 
otherwise comprehensive 
article. A serious threat to 
health is posed by hotels' 
where the food is far from 
wholesome. Even though 
there exists a machinery 
which is supposed to deal 
with adulteration, it is 
deliberately sluggish in its 
working. \^en prevention of 
disease is of primary' 
importance, there should be 
greater awareness of this 
problem. As things stand, 
there is little concern for 
public health both on the part 
of the government and the 
hotel establishment. If we are 
to provide health to our 
populace by 2000 AD, then a 
process of changing the 
quality of edibles made 
available to the general 
public, and a consumer 
movement to patronise only 
things of standard quality, 
should Stan immediately. 

G. ANANTHAKRISHNAN 

'Pushkala' 

Coimbatore 641 024 

SIKHS AND SMOKING 

J WOULD like to bring to 
your attention that a cartoon 
published in the July 1981 
issue (Science Shapes Life, 
p. 19) is very objectionable 
to the Sikhs. The cartoon 
depicted a Sikh gentleman 
along with a Hindu 
gentleman standing before a 
cigarette shop. The Sikhs are 
non-smokers, smoking being 
against their religion. Hence 
the cartoon has hurt the 
.sentiments of countless Sikhs. 

K. S. CHEEMA 

.^9, Baroda House 
New Delhi 

The turbmed character in 
the cartoon had his hands in 
his pockets and was not 
smoking —Ed. 
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ho«t& and the study of the 
regiulation of 
nitrogen-fixation and its 
manipulation in desired ways 
should bring great efficiency 
to the system and enough 
food for the growing 
population during the next 
century. 

ARUN MISRA 

Professor & Head 
Botany Department 
L.N. Mithila University 
Darabhanga 864 004 


Should readl*‘abys8opelagic.'* 
Page 33, column 3, para 1, 
line 1: and page 35, column 
1, para 1, line 7: **Euphaum 
supeita'^.should read 
"*Euphausia superha, ” 



Noctiluca, 


Amphisia 



fixahon 


Synthetic nitrogen 
fertilisers are expensive, and 
their production/is a highly 
energy-consuming process 
(More Nitrogen For More 
Food, April 1981). In 
addition, the damage to the 
environment by these 
chemicals is also of concern. 
Hence biological 
nitrogen-fixation is gaining 
more and more importance, 
and researchers all over the 
world are improving the 
process. S.K. Aptc (box, p. 
23) has rightly pointed 
out that bacterial 
nitrogen-fixation is also a 
highly energy-intensive 
process. It may thus be said 
that the blue-green algae 
(cyanobacteria) arc probably 
more efficient, as they 
perform both photosynthesis 
and nitrogen-fixation 
simultaneously. 

Mention has to be made of 
the Agrohaclcrium. It is 
another bacterium, 
Corynehacterium, that 
produces fasciation in many 
plants; this is also a source of 
plasmids that may be used as 
vectors to transfer genes. 

Tlie nif-genes of Rhizobium 
and Klebsiella are no doubt 
well known. But the 
cyanobacteria have also now 
been shown to contain 
plasmids and their nif-genes 


ZOOPLANKTON 

On cioiNci through my article 
“Zooplankton” (July 1981), 

I found some errors 

Below arc the 
errors and the correct 
version: 

Page 30, column 3, para 3: 
“For convenience, 
planktologists divide the 
zooplankton into three 
separate groups, depending 
on their size or morphology, 
the duration of their life 
cycle in the deep ocean, and 
their habitat or ecology.” 
This should read: “The 
Zooplanktonic organisms 
can be grouped into various 
categories depending on 
different characters. They 
are mostly classified on the 
basis of (1) size or 


Tetrasetmis 



Globigerina 


The caption for the sketch 
"Noctiluco” on p.3() should 
read “Noctiluca”. “Diatom" 
for the sketch at the bottom 
on p. 32 should read 
“Cerafitim ”, and sketches 
Tetraselnus and 
“Forminifera” on p. 34 
should read Tetrasdmis and 
Amphisia, respectively. 

S. S. BHATTACHARYA 

Biology Dept. 
Siddharth College of Arts & 
Science 
Bombay 4(K) 0()1 

LIQUie TORCH 

The hand-pumped 
compressed-air torch (Ideas 
& Inventions, July 1981) 
designed by K. Sheshadri of 
Madras seems a fine idea. 
However, 1 wish to make the 
following suggestions, which, 
I hope, if inwrporated in the 
design would increase its 
efficiency: (1) Any liquid, 
such as water, kerosine, etc 
in the place of air would 
provide sufficient thrust on 
the turbine blades so as to 
increase the rpm of the 
turbine. (2) Provision should 
be made for the liquid to 
re-enter the tank through an 
outlet from the turbine 
chamber so that constant 
pressure can be maintained. 
(3) The walls of the turbine 


chamber should alto have 
blades which web with the 
axil blades so that the liquid . • 
entering the turbine 
chamber, which however > 
re-enters the liquid tank, wfll'^ 
be forced out. (4) Care 
should be taken to see that j 
the liquid tank is filled to 
three-fourths.af its capacity, ;> 
(5) The valve-tubes made u$ft i 
of in bicycles may be fixed at 5 
the inlet of the liquid tank. 

SREENATH RAYASAM^ 

I04/II Kalamma Street 
Bellary 538 IQl i 
(Karnataka) ; 

IF A SNAKE BITES YOU I 

'i 

Poi.YVALFNT snake \ : 

anti-venom serum or 
“Antivenine” is effective i; 
against the bites of all the 
four common land species of 
poisonous snakes found in 
India (Quiz, May 19KI). 
Polyvalent antivenines arc 
certainly safer than the 
“monovalent” ones, since 
the latter are highly specific ,' 
in their action and can be 
administered only when one 
is surp of the snake which has 
bitten the victim. 

For those involved in 
regular field work, it is 
advisable to carry at least 
two pucks of antivenine for , 
use in an emergency. For all j 
we know, the field groups 
may never use it. but the 
packs may come handy to * 
save a villager’s life as they j 
usually go hure-foot, and are 
thus more exposed. 

Antivenine (in lyophilised 
form) can be stored in the 
tropics for about five years 
without refrigeration. It is 
available from the Haffkine 
Biopharmacciiticul 
Corporation. Bombay, on a 
doctor’s prescription. 

Since antivenines are highly 
specific in action and 
produced from horse scrum, 
reaction (anaphylaxis) 
problems arc likely to be 
encountered. Hence, the 
drug should be administered 
only on the advice of a ^ 
qualified doctor. 

RAMESH IJITAM 

8, Dhansukh Society 
1st Rd. Santa Cruz (E) 
Bombay 400 1)55 


may be usilised for genetic 
engineering too. Indian 
workers have indicated the 
value of the blue-green algae 
in rice fields, particularly 
under Indian conditions. The 
genetic analysis of these 
cyanobacteria should be of 
great value in improving 
Indian agriculture. Analysis 
of plasmids, setting up gene 
hanks for cosmid cloning, 
and the detailed study of 
genes for nitrogen-fixation 
should therefore be made as 
soon as possible. The C'entre 
for Cell and Molecular 
Biology, Hyderabad, the 
proposed ambo (Asian 
Molecular Biology 
Organisation), Tokyo and 
Bombay, should conduct 
work in this area. The 
Department of Science and 
Technology has already 
attached great priority to 
this. Re-introduction of 
closed, wild-type or mutated 


morphology, (2) duration of 
life cycle in the pelagic state, 
and (3) habitat or ecology." 

Page 30. column 3, para 4, 
line 11: “microplankion”, 
should read 
“macroplankton.” 

Page 31, column 1, para 1, 
line 6: “The meroplankton 
are organisms which are 
planktonic during a part of 
their life cycle, such as eggs 
and larvae of fish, turtle, 
starfi.sh, corals, clams, 
oysters, sponges, etc ” 
should read: “The 
zooplanktonic organisms 
which are planktonic during 
a part of their life cycle, such 
as eggs and larvae of several 
nekton and benthos are 
called meroplankton.” 

Page 31, column 1, para 2, 
line?: "*Pseudodiaptemus** 
should read 
**pseudodiaptomus. ” 

Page 31, column 2, para 1, 
line 1: “alysst^lagic’* 



^ Cultural contours of iron in 
'ancient India 

T he ancient Greek historian Herodotus, in 
one of the earliest forei^ accounts of the use of iron 
^in India, unmistakably testified that the Indians in the 
; ;lPersian army used cane arrows tipped with iron. Ktesias, 
ranother Greek, spoke nostalgically of two swords made of 
Indian steel presented to him at the Persian court. Latex, 
/Quintus Curtis, a biographer of Alexander the Great, 

: recorded that the gifts which Alexander received from 
' Porus of Taxila (326 BC) included 100 'talents' of steel. 
Still later, in the early centuries of the Christian era, 
there is enough literary evidence to show that Indian 
iron and steel hud attracted the attention of the West. 
/^Romans imported Indian steel to produce fancy cutlery 
|uid armours while Pliny refers to Indian swords of good 
quality steel. 

Behind this qualitative excellence of Indian iron and 
, Steel lay centuries of metal craftsmanship, probably 
il; going back to the beginning of the first millenium BC. 
'Radio-carbon datings indicate that iron appeared in 
‘ India almost simultaneously in the north (Atrajikhcda, 
) Hastinapura in UP) and in the south (Hallur in Karnata- 
i .ka) by about 1,000 BC. This, however, poses an 
enigmatic problem—that of the origins and diffusion of 
iron technology in India. 

V Two major strands seem to characterise the spread 
; of iron in India, one with a cultural component of what is 
known as the F^ainted Grey Ware of the so-called Aryan 
;/:culture and the other of the Black-and-Rcd Ware 
: pronouncedly of the Megalithic Culture (characterised by 
Dig stone monuments: from megas, big and lithos, stonel 
: which had its sweep, by and large, in central and 
' southern India from about the beginning of the first 
i, millenium BC to the second century AD. Indeed, the 
variety and quantity of iron objects unearthed in a 
; number of archaeological sites are astonishing—adzes, 

■ daggers, chisels, hoes, spearheads, arrowheads, fish 
; hooks, tongs of different types, rings, nails, knives, 

: sickles, clamps, horse-bits, etc have all been found, 
many of them of no small size. More astonishing are the 
; almost standardised forms of household, agricultural and 
warfare objects of iron found in appreciable numbers as 
i ‘'grave goods" in Megalithic burials. Their number is 
r legion, dotting practically the whole of southern and 
central India. I'o this we shall return later. 

Apart from the Painted Grey Ware (circa 81K) BC) 
and the' later Megalithic BlaCk-and-Red Ware, there 
was also another cultural component of iron in India— 
' the Northern Black Polished Ware which had its origin 
in the eastern parts of India (Bihar) around 6(KI BC. In 
, the next three to four centuries, ceramic assemblages 
’ overlapped, particularly the Painted Grey Ware and the 
Northern Black Polished Ware.. The latter had a little 
iron in it, inasmuch as some of these wares were dressed 
with haematite before firing and the black coating 
j: contained tcrrtHis.oxide.according to some archaeologic- 
V'al chemists. 

If the two ceramic wares could then be taken as 
I emergent elements along with iron, indicating the 
' exi||tfision of the Aryans and the assimilated cultures in 
L ygrnorth and some parts of central India, what precise 
could iron have played in such an expansion? 
> Understandably, the iron implements enabled the peo- 
^ pie to clear jqngles, and seek new pastures. The use of 


iron ploughshares and other iron iitiplements would 
surely have enabled them to intensify as well as diversify 
their agricultural operations, resulting in a sustained 
agricultural economy. Yet it would seem that, next to 
gold or silver, copper still occupied a pride of place in 
their socio-religious practices. The ironsmith, then as 
now, continued to be a member of the lowest strata of 
society whenever such a society came under the influ¬ 
ence of the Aryan and the assimilated cultures in the first 
millenium BC. However, Buddhism with its new social 
values did not seem to have cast a disdainful look on iron 
or ironsmiths. The early Buddhist caves in eastern and 
western India needed the technical skills of the irons¬ 
miths to chisel out the hard granite and Deccan trap. It is 
on record that an ironsmith even gifted a rock-cut path to a 
monastery in the Kanheri caves near Bombay. 

But who were these ironsmiths? Did they owe 
allegiance to the Vedic rites and rituals or did they have 
their own customs? Was the Vedic ancestor worship 
different from that of the community of ironsmiths? 
Even among some of the later Vedic people there was 
the practice of incarcerating the calcined bones in an urn 
under a mound, but without iron. From where, then, 
did the iron-mongers come? How did they spread? And 
was their spread unifocal? 

As to these questions, for all of which satisfying 
answers may not be available on the basis, of the extent 
archaeological data, we must turn our attention to 
the Megalithic Culture of India, characterLsed by a range 
of innumerable burials of different terms very often with 
rough and unhewn stones. The Megalithic Culture of 
India, probably dating from, the beginning of the first 
millenium BC, extended its cultural spread up to about 
the first and second century AD and appears to have 
played a vital role in the diffusion of iron technology in 
India. 

The Megalithic Culture also had a much wider, 
global ramification from about 3,(KM) BC to about the 
middle of the second millenium BC. Its cultural spread 
embraced the littoral countries of the Mediterranean and 
the Atlantic—Spain, Portugal, France. England, Ger¬ 
many, Scandinavia, North Africa, the Caucasus, Pales¬ 
tine, Iran and other Gulf countries of West Asia, and it 
later spread even further to the cast. In its western 
spread, it generally displayed a development in the late 
Stone age or the Copper-Bronze age. Moreover, its 
spread was noticeable mostly in the coastal areas. Its 
Megalithic tombs, some of them with very large stones, 
are described to be of three types: the chamber tomb. 
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port-noies, capstones lying flush with a heap of ^ 
cairn, urn burials with capstone, single and multipte.3 
hood-Stones, umbrella stones, sarcophagi or legged ierra'*^S 
cotta forms, menhirs, rock-cut caves and the like. 
these monuments might belong to the general tii1^J:| 
bracket ranging from about the beginning of the fijitil^ 
millenium BC to the first two centuries AD. it wouliB 
seem, as H. D. Sankulia observers, that the MegaHthil^7 
monuments did not embrace the whole popuiatia^js’^f 



Atypical poit-hole cist at Brahmagiri, Karnataka 

the single standing stone^ and the grouped standing 
stones. Whatever the description, there is as yet no clear 
indication of the exact place of the origin or the striicliirc 
of diffusion of this culture. Lllioli Smilti and Perry 
propose a scries of waves starling from a single centre—a 
monocentric hyperdiffusionism. This, however, has not 
found favour with archaeologists and anthropologists. It 
is indeed difficult to speak of a Megalithic race in terms 
of physical anthropological connotation. Nevertheless, 
similarities and inter-relationships among the diverse 
Megalithic cultural spread indicate a rather hazy profile 
i>f the megaliths which might probably have originated in 
southern Europe from where it may have spread to West 
Asia. India and the Far East. 

Origin and dilfusion apart—c)pini4ins on them may 
differ—what could have been the motivation for the 
migratory movements of the Megalithic cultural people? 
()bvi4)usly they were looking for new places and new 
materials for an enriched living. It is not a mere 
coincidence that in certain parts ot Europe, the Mega- 
lithie tombs overlap with metal-using economic or 
trading centres, or with metallilerrous regions. Although 
many of the limibs do not have metal objects in them, 
they seem to have stone copies of them according to 
Glyn Daniel of Cambridge, who adds, the passage- 
grave builders mav have been in part responsible for the 
beginning of metal-working in western Europe". 

Viewed in this light, the Indian Megalithic Culture 
assumes a new' dimension. Late entrants into the Indian 
sub-eonlincnl as they indeed were, the Megalithic 
f>eople came to India when iron metallurgy was at least 
five to six centuries old elsewhere and when iron had 
already begun to establish itself as a useful metal, riicy. 
then st^m to have found a congenial home in the central 
and southern parts oi India wath its plentiful iron ore, 
other minerals and workable deposits of stone. 

Unlike their predecessors in Europe and West Asia, 
the Indian Megalithic people have left behind two 
important characteristic strands namely, the use of 
Black-and-Red ceramic throughout, and. more impor¬ 
tantly, iron objects of almost standardised forms as 
“grave goods". 'I hcir predecessors elsewhere in Europe 
and West Asia did not appear to have used a single type 
of ceramic as a cultural component, nor were they 
associated with iron 4)bjects. This raises an interesting, 
question—-were the Indian Megalithic people knit 
together by common customs or culture, despite the 
wide variety of grave forms they employed? Perhaps 
they were, "but tnis needs further investigation. 

The aahaeological evidence has revealed a variety 
jpf grave forms or types of Indian Megalithic monu- 


perhaps they were confined to a certain class or iifi 
particular group—chieftains, warriors, farming leadeii!^>4 
and the like. In any case, not a few of the tomb-foriitjl?i 
have their parallels in the European-West Asian Mcga2i| 
lithic complex. The "grave goods" have a prepondci>|| 
ance of iron objects, apart from others of gold 
copper in small quantities. I he presence of horse hUiM 
and the skeletons of horses in some graves indicates tbattf 
llie Megalithic people w'cre horse-riders too. In addition;3| 
there is enough evidence to show' that they were 
agriculturists, built tanks and knew irrigation. 

Yet, wc arc still in (he dark in respect of the people.^ 
themselves, their dail\ life, social organisation, econd^;!}? 
mic activity and religious beliefs. Prcsunttibly, thejf:^ 
belief was in the nature of ancestor worship. In the jJ 
absentT of any inscriptional evidence even in the latcri| 
Megalithic burials—although script began l<^ be used in 
fndia at Icasi from the third centurv BC—it is rather | 


difticult cither to identify or to evaluate their otherl^iSl 
religious insights. It may be noted here that 
Scythians or Sakas (of the first millenium BC.' and everi ^l 
earlier) were also known for their tombs and ancestor'*^ 
worship. The high esleem in which lhc> held 
ancestral tombs can be gauged by their encounter 
the mightv Darius of Persia before whom thev began Ui J 
nec. ■ ' '.‘I 

When taunted by Darius of their apparent cowar'^ 
dice, the Scythian king replied, **1his is my way, Pcrsiam>:| 
I never fear men ov tiv irom them ... I onl\ follow 
common code ot life in peaceful years. If, however, you 
must needs to come to blows with us speedily, look yoti J 
now. there arc our fathers' tombs-—seek them out and 1 
attempt to meddle with ihem -then you shall 
whether or not we fight with you. I ill vou do this, be;;| 
sure we shall not join battle unless it pleases us..." , J 

The Mahahhanitii also refers to the Sukas and^^l 
hence their sojourn in India is rather old. Iron was also j 
known to them as early as I.IOOBC, yet wc cannot sayij 
authentically whether they had anything to do with | 
Megalithic culture in India. They were mostly confine#:| 
to Western India from about 3(M) BC onw ards and where :| 
practically no Megalithic tombs have C4>mc to light sqi 
far. Further, available archaeological data point to morjj 
than one wave of Megalithic people, who might have 5? 
entered India cither by sea or land. I hc principal focal 
point, if any. seems to have been the interior northern,:/ 
Karnataka of peninsular India. 







Legged terracotta sarcophagus at Paltiavaram.Chmgleput District, 
Tamil Nadu j 



to return tolthe MegaiitKic iron dbj^. /mft iirom 
?|hfcir wide variety one would not fail to notice that many 
^bf them are indeecl,of a semi-macro scale, impressive and 
^alrona. For example, a long spear found in a Megalithic 
?huriaTat Brahmagiri in Karnataka is more than two metres 
' long. Moreover, many Indian iron objects have more than 
95 per cent i ron; some of them even having 99 per cent of it 
f as can be seen from iron objects of Takal Ghat-Khapa, 
Mahurihari and Naikund (Megalithic) near Nagpur in 
Central India. 

At this stage we may perhaps reflect upon the 
i famous Iron Pillar now stanaing unrusted near Delhi. 
.The inscription on it suggests that it was erected by King 
.Chandra early in the fifth century AD. When and where 
:Jt was forged and shaped is still a moot point. The pillar, 
with a height ot over seven metres and a weight of seven 
tonnes, has 99.72 per cent iron, O.OS per cent carbon, 

; 0.046 per cent silicon, 0.114 per cent of phosphorus, 

;; traces of sulphur and practically no manganese. As one 
’■foreigner has rccordcO a century ago, “It is not many 
years since the production of such a pillar would have 
’viwen an impossibility in the largest foundries of the 
World, and even now there arc comparatively few places 
fWhere a similar mass of metal could be turned out.’' 
fAmong the reasons for the enduring quality of the pillar 
which has remained unrusicd for over 1,5(K) years is a 
iithin protective film of magnetic oxide that has been 
[formed as a result of elaborate forging techniques. The 
,^;rather high phosphorus and negligible sulphur or man- 
;;ganese content and dry weather conditions might be 
additional factors for its resistance to corrosion. 

The pillar, representing the level of macro- 
; technology ot the time, is doubtless of high quality 
wrought Iron like many Megalithic objects. Understand- 
ably then, the Megalithic ironsmiths had evolved the 
. tiecessary technique to forge a large pillar, perhaps in 
; terms of forging and bonding together viable iron segments 
of optimum si/e. Nor is it unlikely, that the descendantsof 
the Megalithic ironsmiths, who might have 
been absorbed into the then emerging sub-caste spec¬ 
trum of Indian society, had contributed their technical 
expertise, perhaps under royal patronage, to the forging 
■ of the famous historic metal-vestige of the world. This 
Imay seem, at present, an over-simplification. But it does 
emphasise the need to look at the still unsolved problem 
of the origin and production of the Iron Pillar. 

Was the pillar forged somewhere in Central India 
where there is enough archaeological evidence of fur¬ 
naces used for smelling and forging iron objects? Some 
; interesting archaeological evidence of iron-smelting re¬ 
mains at Ujjain in Central India, according to N. 
Banerjce, includes enormous deposits of iron slag, 

' unsmelted or partially smelted iron ore, lumps of calcite 
or aragonite and lime. I'hc calcium compound could 
have been used as a flux and the extraction method 
obviously consisted of reducing iron ore using charcoal 
i in small furnaces. As to the forging, the remains of a 
;v‘forge have also been unearthed at Ujjain. There is 
.^literary evidence to show that the iron workers of Avanti 
;'(an ancient kingdom, the capital of which was Ujjain, an 
important trading centre) had established a tradition of 
^ their own. The Tamil work Manimekalai nd Perungadai 
(early Christian era) refers to the iron workers of Avanti- 
as being professionally the best in the country. It is 
; indeed, interesting that King Chandra (Chandra Gunta 
, n?) whose name appears in the inscription on the pillar 
,Vhad his suzerainty over Avanti where iron ores arc 
1 available in the region of Indore and Mandassor not far 
: fri^m Ujjain. Was the Iron Pillar then forged near 
tJjjain? The (Question can finally be answered only after 
further investigation, including ore correlation studies. 

The tribal practices of smelting iron in contem¬ 



porary India may perhaps be seen as the ptissible 
methods employed for iron-smelting and forging in 
ancient times. Generally, the furnaces are tapering, 
vertical or cylindrical, about 75 to 90 cm high and 40 to 
45 cm in diameter, made of select mud, plastered and 
hardened. They have three openings: the top one for 
introduction of the charcoal and iron ore,and the two at 
the base for maintaining the blast and letting out the slag 
and bloom. 

In the past, the iron-makers might have used 
iron ore from almost any source in the vicinity. Iron ore 
occurs on a large scale in India, chiefly in the form of the 
oxides. Of4hes'e, large outcrops of haematite and 
magnetite of the dimensions of whole hills, which arc 
being exploited for iron ores of high grade need special 
mention. Besides, iron is an important con.stituent of 
lateritc, and in some varieties, the concentration of 
limonite or haematite is so high that the rock itself can be 
used for iron-smelling. In certain parts of India the main 
sources of iron ore are the lateritc as well as the 
magnetite sands of rivers draining the geological trap, 
and these are still used by the itinerant ironsmiths still ac¬ 
tive in this field. 

As to the production of steel, tw'o processes appear 
to have been employed, namely, incorporating carbon 
into wrought or pure iron and decarburisation of cast 
iron to the desired carbon content of three to four per 
cent. One of the processes popular in South India 
consisted of filling small crucibles W'ith pieces of wrought 
iron and four to five per cent by weight of firewood 
charcoal of good quality. Several such crucibles, scaled 
with clay, were placed upside down in a pit filled with 
fuel. The whole assemblage was subjected to intense 
heating using bellow's. The molten liquid was then 
gradually cooled to obtain steel of good quality. 

In conclusion, it may be emphasised that the 
impressive archaeological inventory of various iron 
objects in India, covering the first milleniiim BC and a 
few centuries later, have still to be scientifically evalu¬ 
ated. An anthropological study of the types of the people 
as well as their movement during this* period will be of 
great value to a critical insight into the origin and 
diffusion of iron in India. A technological study ot the 
macro objects, like the huge pillars at Delhi and Dhar 
(central India) as well as the iron beams of the temples of 
Puri and Konark (in Orissa), will enable us to assess 
scientifically the continuity of the iron-casting tradition 
in India over a long span of time. 

B. V. SUBBARAYAPPA 
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“Constantly I get this 'jeelmg that I am 
perfectly normal and that I am wasting my 
money (oming here'" 


mid of Scientists 

A n ex0enmeiit to yudy the conver¬ 
sion of nlQOhol to en.ergy wns once 
curried out by Di iohenn Thudichuni< 
the Germ«n-lxHn fintiiih physician—best 
itnown for hu reseaich op braip chemiit- 
try liunng the third quarter of the fast 
century — and his friends. HiK is how he 
gtaphically describes it “There were 13 
m number including myself We drank 
from two o'clach m the afrernoun tilt 
sevon mihe evenmg. 44 bottles of winc/.v 
The elcojhdiie oimteM wee im 
4l]OOi mraeptiqa ef eliiiio^ iwmiiM. All 
thb vnfre pnMed from tim 
thd next iMehnig wasoollectbd dud dlstn> 
led lOidy, M trMnna!i of ilMwl was 
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collected The rest was burned m the 
system " 


X famous lui^tttidwnst and secretary 
of the Royal Soeleity^ fri 11172. referred to 
tlie pivsMttt odcdW lAveiftcd by the 
French scientlat Qenys Fgpm. which 
was alt dresa‘<f. Ssih and flesh m 
Monsieur Papia's 0||||esters by sdiich the 
hardevt bones pf froefe itselfe and mut- 
t4», mfite n«d» M as cheese, witlmut 

’titan or |ntd with less than 

cUlt^illllMS pf jwidiictng an mere- 
end fr>r dose of 
411 a of beefe. the 




had ever seen or tasted ..but QOlIm 
exceeded the pigeons which tadted jast M 
if bak’d in a pie . ’* 

A 

I N the twenties and the lhtrtim|t 
of the cuctent century* some ‘h«# 
scientists' Kite Jeans. ^higtiMi mdi 
Ifnsenbftrg led a campaign against deters ^ 
mimsmanddaimed the powerftd Npptfrti 
of the RcUibvtty theory Hus led dNM 
father oTReUnilvify. Einstem, to declal^ 
“InddecmnlwR l» quite an dloguui «qifr 
cept., Jf I stf thtt the Bveiuge lifcHi^ 
iwdi ii44l4im furpdetermmed in the wiOT 
of ndt b(fri| aiiaed, then I am kalk%' 
ncNMdifgu*' V 
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\ A bath with LIFEBUOY leaves you 
' clean,. .gives you that healthy 
feeling of freshness. It's a healthy 
life with LIFEBUOY.Remember... 
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the germs In dirt 
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dust clouds raOlfCT ufe 
fWMN OAUWTIC RAOIATI^ 
HYSTBHA 

bave we Earthlings failed to catch 
on to any signal from any '*extra- 
tenestrial" intelligent form of life in our 
galaxy? After all, scientists estimate 
that there are nearly a billion habitable 
planets in the Milky Way. 

J. N. Qarke of the David Dunlop 
Observatory, University of Toronto, 
Canada, thinks that every 100 million 
years—give and take a few millions— 
enormous outbursts of radiation sweep 
the galactic slate clean of all life. 

But then, how are we alive to talk 
about it? The answer it seems, are the 
dust clouds in the galaxy; they shelter a 
planet from the lethal radiation. The 
current estimates say it took three 
billion years for life to evolve on Earth; 
she must have managed to take shelter 
in dust clouds every time one of the 30 
or 35 radiation bursts took place in her 
lifetime. Only the very few lucky 
planets must have survived this radia¬ 
tion onslaught. So, life may have been 
spread much more thinly than we ex¬ 
pect. 

One out of 100 spiral galxies—our 
Milky Way is also a spiral galaxy—are 
Seyfert galaxies with very bright nuclei 
sending out lethal radiation to their 
surrounding stars. They can switch 
“on*' and “off*, being “on** about one 
per cent of the time, according to 
supporting evidence collected by M.E. 
Bailey, University of Sussex, and $. V. 
M. Clube, Royal Observatory, Edin¬ 
burgh, both in the UK. So, in spite of 
our survival, the Milky Way might be 
going berserk with radiation every 100 
million years. 

LEEUWENHOEK'S POSTHUMOUS 
REVENGE 

Antony van Leeuwenhoek (1632-1723), 
the eccentric Dutchman who invented 
the microscope, peered through his 
instruments for decades and regaled 
contemporary London scientists with 
description after description of the most 
amazing minutae from sperms to bacter¬ 
ia. Experts, however, comment that his 
pioneering work‘was mostly crudely 
torn fragments—not the immaculate 
section one is now used to. Section¬ 
cutting, is it believed, did not start until 
as late as the middle of the nineteenth 
century. 

The indomitable Dutchman has now 
stolen a march over his critics {Nanm\ 
^2,407). Nine little envelopes contain¬ 
ing some matenals and attached to the 
final pages of three of hts letters of 1674 



have now been run to ground in the 
archives of the Royal Society, UK. One 
of the specimens, the white from the 
quill of a writing pen, has dwindled to a 
trace but the rest are intact and at least 
two are fine sections. 

The fine sections are those of “Pit van 
vlicr*’, or elder pith and “Kurk**—cork. 
The section of Leeuwenhoek's cork 
very clearly shows the buxed-in appear¬ 
ance of small rooms from which was 
derived the term “cell** in 1663. What is 
more important, the hand-cut sections 
of the “crude" Dutchman have suffered 
almost no structural damage and even 
today, after 307 years, they would be 
acceptable specimens in any of the 
laboratories of the world. 

AND NOW, ENERGY FROM 
BLACK HOLESI 

Violate anything you will, but not the 
second law of thermodynamics. Older 
than most modem scientific theories 
and concepts, it has equably watched 
other laws and theories disintegrate and 
newer and newer ones replace them. 
And now it can boast of the ultimate 
victory, that over the cosmological 
black sheep that has already defied so 
many laws—"black holes". 

Not only docs the second law of 
thermodynamics hold true in a black 
hole—according to Jesse Unruh of the 
University of British Columbia, USA. 





Pieces from the optic nerve of a cow out in 
transverse sections, found attached to a 
letter dated 1 June 1674. signed by 
Leeuwenhoek. Top: Leeuwenhoek’s 
specimen signature 


speaking at a symposium in honour of 
the renowned physicist P.A.M. Dirac 
on his eightieth birthday-—but it also 
makes it "possible** to "extract** energy 
from black holes. 

But alternative energy buffs need not 
get too exicted. Unruh finds that a 
rocket moving through the gravitational 
field of a black hole and accelerating 
towards its surface will induce it to give 
up energy. All that is needed is. a big 
enough push-an acceleration of 4 to 9 
X 11^' metres per second per second! 

WAS EVOLUTION GRADUAL OR 
IN JUMPS? 

The concept of evolution has a theory 
that recently gained popularity. Known 
widely among the researchers asr the 
theory of punctuated equilibrium, it 
maintains that humans and other spe¬ 
cies evolved over periods of rapid 
change interspersed with much longer 
static periods. In a recent issue of 
Nature^ four anthropologists argue 
against this theory. j 

Their stand seems more conventional 
and they actually try "to confirm Dar¬ 
win's an(l Huxley's views on evolution**, 
to quote the principal author of the 
papei\ John E. Cronin of Harvard. 
According to the authors, the proofs, 
whatever there may be of the theory of 
punctuated equilibrium stem from a 
bulk of erroneous assignment of dates. 
Take for instance, a skull specimen 
labeled KNM-ER 1470. It was at first 
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later re-dated as being only 1.8 millioii 
years old. This change of ^te rediioed 
the minimum time of the species Homo 
hahUis and took away a possible exam¬ 
ple of the kahilis remaining static over a 
milHon years. 

Cronin and his collaborators chart 44 
morphological traits among four homi- 
nid species and three specimens they 
consider intermediary. For two of these, 
noting body weight and cranial capac¬ 
ity, which reflects brain size , they 
plotted graphs using estimated values 
for each of the four species. They could 
connect the points in a straight line. 

trend seems to show no jumps or 
discontinuities. Any impulse to draw a 
step diagram (which is the model of 
punctuated equilibrium) through the 
points should 1^ resisted while the most 
. piaramonious approach is to interpret 
the trends with a best-fit line", say 
Cfonin and collaborators. 

Further, these scientists regard the 
lifetimes of these hominid species as 
evidence for gradual evolutionary 
change. Each of the species, from Au¬ 
stralopithecus afarensis to Homo erec- 
tus. lasted about 740,000 years. Punctu¬ 
ated evolution would have produced 
high variance in the lifetimes, l^cause it 
can be assumed that each new species 
would have resulted from random evo¬ 
lution. 

THE MYSTERY OF THE 
OLORQESAILIE MASSACRE 

The scene is a circle about 15 metres in 
diameter at Olorgesailie, Kenya. Ninety 
bodies tic around. Each has its skull 
: battered, probably by heavy stone axes 
(common in the area). They are the 
fossil remains of 90 giant gelada ba¬ 
boons (Thcmpithevus oswaldi) crowded 
into that small .space nearly 400,000 to 
7(X),()00 years ago. And the murderers? 
Probably our hominid ancestors. 

According to Pat Shipman of Johns 
Hopkin.s University who led the expedi¬ 
tion that ferreted out the mystery, it is a 
unique incident; hominids have so far 
been known to have hunted antelopes, 
pigs, elephants, even hippopotamuses' 
but not their fellow primates. 

That the baboons could have been 
unfortunate victims of a natural disaster 
seems to be ruled out by the age and sex 
distribution of the baboons found here. 
At least today, in baboon groups the 
dominant male drives off the younger ^ 
males as soon as they reach maturity so 
that the sex-ratio is tilted towards the 
females. By contrast the baboons found 
were all young, and the male-female 
ratio was one-to-one. 

But tlien,ilmy wdiild our ancccstors 
hunt|gtboons? The giant baboons were 
atmost as large as the hominids, had 
large, sharp teeth and banded together 



Was evolution gradual or In spasmodic leaps? 


into aggressive, highly protective 
groups. Easier game was surely' avail¬ 
able. Shipman and colleagues admit 
they have no “real explanation" but 
suggest a plausible—and pretty hu¬ 
man-reason for the butchering. The 
hominids were perhaps engaged in sea¬ 
sonal or cermonial rites. Or perhaps the 
giant baboon’s flesh was a; favourite 
food—fitting enough for a ceremonial 
feast. 

PASSING THE SaENTIFIC BUCK 

Research papers and projects are ac¬ 
quiring more and more cokuthors and 
collaborators (Science Today. April 
1981, p. 15>—a recent issue of Physical 
Review Letters (46 26) contains report 
coauthored by 63 researchers. A recent 
issue of Nature (292,5818) contains two 








he most embarrassing ij at ieast hat/the 
guests didn't agree to join our 
coduthorship..Mappy birthday, Stetsonr 


reports coauthored by 13 researchers. 
And more and more cases of fraud 
(Science Today, May 1981, p. 14) and 
even large-scale paper pirating (Scien* 
CE Today, July 1980, p. 14) are also 
coming to light. Who then is responsible 
for the results? 

Custom and consensus has it that the 
senior investigator be held responsible. 
Marc S. Straus, the principal investiga¬ 
tor of a Boston University medical 
research team which was discovered to 
have submitted falsified data to a multi- 
institutional clinical study in 1978, dif¬ 
fers. Accepting full responsibility for 
patient care, he however disclaims it for 
the paper presented. Forced to resign 
his post after a complaint to the author¬ 
ities by his team members, he has now 
filed a suit against colleagues for con- 
spiracyydemanding damages to the tune 
of R$. 200 million ($33 million) (Science 
212 4501, 1367). 

‘ A list of items that a prindpaJ investi¬ 
gator would have to look after is im¬ 
pressive-right from selection of per¬ 
sonnel, account audits and their fre¬ 
quency to exhaustive checks on all 
aspects of the project from execution to 
preparing the final report. All the more 
so when he has many times provided 
more of inspiration and support than 
anything else. 

The issue is bound to crop up every¬ 
where with the explosion of papers, 
coauthors and collaborators. A US 
committee investigating such affairs is 
still at an impasse. The issue, like the 
Straus me, lies deadlqcked between 
the ^limooently longed’* senfoii nd 
the junim Bdrifying data on orders 
from seniors and a "general anxiety*’ to 
continue the resear^. Responsibiltty, 
at the moment, is the main victim in this 
sdeniific buck-passing. 











'Are yb«i a “lype-A go-getttet”? If so. 
i^m^ber this: you can*t have your 
cUke and eat it too. Well, if you haven’t 
got the meaning of the phrase it's this. 
A Type*A go-getter is one yOu’d find 
anywhere—the people who can’t bear 
to wait a little long for an elevator to 
come down, or for buses to arrive, or 
files to be cleared. 

Psychologists have always suspected 
that such people usually sacrifice quality 
and creativity for sheer quantity. But 
now, a study by the (US) Society of 
Experimental Social Psychology shows 
that, at least, among male experimental 
psychologists, the Type As turn out 
very good work. 

Questionnaires were answered by 118 
male members of the Society. The 
responses were studied against a stan¬ 
dard index of citations. This index listed 
the number of times, a certain psycho¬ 
logist was cited. It was assumed, and it 
is quite a fact, that better works get 
cited more often. 'Fhe Type As, it 
seems, were cited most often. 

But one old truth remains uchanged. 
The Type As are more prone to prema¬ 
ture heart disease. 

TAPES SOLVE PROBLEM OP 
CRYING BABIES 

A decade ago, when it was realised that 
calm babies cried in response to the 
crying of other babies, psychologists 
described it as “emphatic distress”. 
Now. an American behavioural scientist 
has found that the opposite is also true. 

I if a baby hears it own cries. 

Grace B. Martin of Savannah and 
Russell D. Clark of Florida State Uni¬ 
versity (both in the USA) tested 36 boys 
and 34 girls tn a local hospital nursery in 
Savannah, 'they played a four-minute 
tape of cries to both ”calm” as well as 
“crying” babies (those babies who cried 
for more than three minutes prior to the 
lest wore labelled “crving”, and those 
who were aleri but cried for less than 
one minute, if they cried, were labeled 
“calm”) and found that babies less than 
35 hours old stop crying when they hear 
a tape-recording of their own cries, but 
cry with more enthusiasm when they 
hear another baby's cries. This was true 
even in the case of the calm infants who 
appeared to protest more when they 
heard the cries of another infant. 

Could there be some form of baby 
language? Because when Martin and 
Clark made these infants listen to the 
cries of older children, or that of a 
distressed infant chimpanzee, there was 
practically no response from the new¬ 
borns. This indicated that newborns 
could recognise the utterrances of other 
newborns like themselves, but not that 
of any other. 

who have crying children 




‘ 7 i c stopped crying these days ^hat thing does 
the job for me!" 

at home would find it a bad investment 
if they went and purchased tape- 
recorders just for this. Martin and Clark 
say this response vanishes as the child 
grows, and by six months after birth the 
tapes will be useless. 

FETUS EYES MOVE. TOO 

In the darkness of the womb the eyes of 
the fetus, so to speak, first wake up and 
then go into a deep sleep a few weeks 
before the fetus is bom. Jason. C. 
Birnholtz of the Department of Radiol¬ 
ogy, Harvard Medical School, Boston, 
USA, recently monitored eye move¬ 
ments of more than 50 fetuses with the 
help of ultrasound and even found that 


FOR BUSES, A 'STETHOSCOPE'. 

It costs a lot of time and money when 
public buses go into the garage for a 
particularly long programme of testing 
and inspection, or of a defect hard to 
locate. A West German electronics firm 
has now introduced an electronic exter- 


defisto types cd sudi movememi ; v 
their vaiistioiis may be IMed to d|y»- >: 
morphic^ abnormally developed’-- % 
brain structures (Science 213, 679). ; ^ 

It is known that the vestibular nudel/f 
which are a necessary component 
eye movements, are differentiated in a 
fetus by the time it is ^ut 13 weefat' i 
old. Expectedly then, slow eye move^; 
ments begin a couple of weeks later, ; 
around 16 weeks. By 23 weeks, eye 
movements analoguous to rapid eye ^ 
movements, responsible for dreamy,;' 
sleep in adults, begin and keep increas-’';^ 
ing in incidence till about 30 weeks. 

Eye* movements then fall off to a< 
regular, quiet pattern chaiacterisitic of 
deep sleep. The late phase inactivity ai 
fetus eyes may be due to the develop¬ 
ment of inhibiting mechanisms. Hence 
the ‘'deep sleep” pattern of eye move*' 
ments just before the fetus is borth— 
indicating possible formation of the 
mechanism that will help it sleep ; 
through infancy. 

Eye movements have already been 
found to be a con.sistent indicator of the . 
behavioural state of infants. Birnholtz 
went a step further. He also studied 
eight other fetuses with dysmorphic ' 
brain structures of widely different ; 
kinds and found them all to be quite 
different in pattern from the normal / 
ones. Ultrasound may make it possible 
to recognise abnormal development of 
mental conditions before the fetus is ' 
bom. 


nal testing system, which they claim 
reduces maintenance work and time off 
the road sharply. About 150 vehicle 
function can be checked automatically, 
including complicated faults, without 
having to strip down the assembly. Plug 
connectors link the test unit, that can be 
carried or moved about on a trolly to 
the bus. 





The testing system in use 
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When you are really close to people 
you need Close-up—a totally new idea 
in toothpastes. It has a real mouthwash 
that leaves your breath close-up fresh— 
and two special ingredients to get your 
teeth close-up white. 
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Antibiotics 


A ntibiotics were man's first 
effective answer to a wide 
spectrum of diseases. These 
'magic bullets' could destroy the dis¬ 
ease-causing organisms without 
harming the surrounding host tissue. 
They succeeded in taming many in¬ 
tractable diseases (p. 20). 

The success was, however, short¬ 
lived. Soon, the bacteria began to 
develop resistance, and many antibio¬ 
tics no longer cure. In their fightback 
(p. 24), the bacteria have been helped 
by the widespread use, and misuse, of 
the antibiotics—a neat case of Catch- 
22. The indiscriminate use (p. 29) and 
promotion of antibiotics need to be 
curbed. Physicians and manufacturers 
and even patients and drug regulation 
agencies have ail been responsible. 

Yet,'next to personal and public 
hygiene, antibiotics still remain the 
most effective weapon against infec¬ 
tions. Last year, India produced bulk 
drugs worth Rs. 240 crores and formu¬ 
lations worth Rs. 1,200 crores; bulk 
drugs worth another Rs. 150 crores 
were imported. Despite the govern¬ 
ment drug policy to restrict them, 
private sector concerns, Indian as well 
as foreign, continue to be the major 
suppliers of these antibiotics. Most of 
them have shown little interest in 
research to combat the resistant bac¬ 
teria and improve technologies to re¬ 
duce drug prices. In fact, antibiotics 
provide a billion-dollar business to the 
multinational firms, and their hunger 
for profits has led them to exploit 
unsuspecting consumers, use unscru¬ 
pulous means to promote their pro¬ 
ducts, and even corrupt the medical 
profession. They dominate the anti¬ 
biotic market and decide what antibio¬ 
tics are to be used. 

The new drug policy adopted by the 
government of India in 1978 requires 
all major foreign firms to have an r 
and D set-up in India and also offers 
incentives (like exemption from price 
control for a period of five years) for 
all indigenously developed bulk 
drugs. Though this has compelled 
many foreign drug companies to set 
up R and D establishments, these have 
mainly remained tax-saving and pre¬ 
stige-building strategies. The R and o 


rarely goes beyond preliminary 
screening of different microbial 
strains from Indian soils for antibiotics 
production, and shipment of promis¬ 
ing ones to parent companies abroad. 
Products and technologies developed 
on these strains will then be sold back 
to us. 

Perhaps this was foreseen by the 
government. The terms of reference 



of the Hathi Committee (set up in 1974 
to inquire into the drug industry in 
India, its report formed the basis of the 
new drug policy of 1978) included 
recommending "measures necessary 
to ensure^that the public sector attains 
a leadership role in the manufacture of 
basic drugs and formulations, and in r 
and D". The drug policy stated: "In 
order to reduce dependence on import 
of technology in general, urgent steps 
will be taken to equip the public sector 
units as also the national laboratories 
with such R and d and pilot plant 
equ.ipment, as may be necessary. Pub¬ 
lic sector units will also ensure that 
they have a strong design and en¬ 
gineering component in their r and d 
structure, so that chemical processes 
that may be developed, be indige¬ 
nously tested and scaled up with the 
necessary complement of competent 
indigenous design' and engineering 
skill." It further said: "Public sector 
units will maintain the closest liaison 


with the R and D units of nationai 
laboratories, state institutions/other 
educational institutions... Highest 
priority will be accorded to centrally 
directed research aimed at discovery 
of newer drugs for treatment of tropic¬ 
al diseases, anti-malarials, anti- 
filarials, anthelmintics and anti- 
leprotics." 

The R and d establishments of the 
Indian Drugs and Pharmaceuticals Ltd 
<IDPL) and the Hindustan Antibiotics 
Ltd (HAL), the two public sector drug 
manufacturing units, are not strong 
enough to meet these objectives. They 
have mostly been dependent on im¬ 
ported technology and imported 
strains for their antibiotics production, 
which is still only a small fraction of 
the total production in the country. 
They have not been able to improve 
sufficiently the imported technology 
and strains to keep pace with develop^ 
ments elsewhere. And they will prob¬ 
ably continue to import improved 
strains for the same drugs, or use 
obsolete and expensive technologies. 

Meanwhile, rapid developments of 
newer technologies in microbiology, 
such as gene cloning, is revolutionis¬ 
ing microbial Industries in the adv¬ 
anced countries. Cloned genes can 
improve the yields of specific products 
and bring down their prices. Newer 
strains are soon going to replace the 
old ones in the manufacture of most 
drugs. We must strengthen our R and 
D and^set up close liaison between 
universities, nationai laboratories and 
the drug manufacturing units, if self- 
reliance in drug technology and mak¬ 
ing drugs available at reasonable 
prices is to be a reality. Without de¬ 
veloping this alternative, there can be 
no question of effectively protecting 
the public from harmful and obsolete 
drugs being dumped by the multina¬ 
tionals and their subsidiaries with the 
connivance of uninformed or unscru¬ 
pulous doctors and pharmacists. 


B. S. MAHAJAN 


Dr. (Mrs.) Mahajan is on the editorial staff 
of Science Today. 





Research in India should concentrate on fi 
water-borne and other tropic 


T he first announcement 
of penicillin by H. W. Florey and 
his colleagues in 1940 may be consi- 
. dered the beeinning of the antibiotics 
era. Since then, many-splendoiired 
fallouts and fantastic developments 
; are in progress. Little did anyone 
realise at the time that penicillin, 
besides providing a tirstline remedy 
for infections resistant to sulphana- 
mides (gram-positive infections), was 
also a secondline defence against 
those fully susceptible to them. But 
for the advent of the antibiotics at a 
most crucial time, all the benefits ot 
Domagk's sulpha discovery might 
well have been lost. Very rightly, the 
antibiotics earned the name “lifc- 
‘ saving drugs". Few developments in 
the history of medicine have had such 
^ profound and far-reaching effects on 
human life and society as the power 
. to control microbial inleciions. 


compounds produced by microorgan¬ 
isms. Their marked and selective 
anti-bacterial activity and low toxic¬ 
ity have made their use possible in 
the treatment of many epidemiolo¬ 
gical diseases, in nature, they occur 
as groups of related compounds in 
related microorganisms. Some anti¬ 
biotics, however, have been pro¬ 
duced by unrelated microorganisms, 
indicating that these essentially 
secondary and terminal metabolite’s 
are of little significance to the basic 
biosynthetic pathways of the organ¬ 
isms. These metabolites apparently 
are not essential to the life of the cell. 

Many infectious diseases are con¬ 
trolled by antibiotic therapy—bacte¬ 
rial pneumonia, meningitis, tubercu¬ 
losis, typhoid fever and certain 
vencral diseases to name only a few. 
The average duration of these efis- 
eascs has decreased and even the 


^i MaryVlHtospital, London, UK,by A 
FleiMfig^n 1928,after a plate seeded 
with ^afihyiococci and put aside on 
the laboratory bench had been 
accidentally contaminated with Penh 
cillium notatimu is now well known. 
Fleming thought that penicillin sec¬ 
reted by the colony of the mould had 
lysed (burst open) mature colonies of 
staphylococci. But this could not 
have been so, since penicillin lyses 
growing but not resting organisms. It 
appears that after contamination 
' with the Penicillum the temperature 
in the room was such that the mould 
grew and began to produce penicillin 
without rapid growth of the bacteria. 
Warm weather accelerated the 
growth of the staphylococci, which 
underwent tysis in the vicinity of the 
mould. 

Twelve years after the discovery 
came the demonstration of the chc- 


V P. Vuillemin first coined the word 
i; gntibiosis in 1889 to define antagon- 
tsm between living organisms, but the 
r:, word antibiotic was first used by S. A. 
<4!!Waksman in 1942. He defined an 
^/antibiotic as a substance produced by 
j.;microorganisms antagonistic to the 
r;ipowth of others , in very low con- 
Leentrations. 

Antibiotics are natural organic 


severity of many infectious diseases 
has diminished. The marked fall in 
mortality rates with the introduction 
of antibiotics offer striking evidence 
of the effectiveness of antibiotics. 
Factors like better sanitation and 
nutrition, and immunisation prog¬ 
rammes have also contributed to the 
low mortality rates. 

The discovery of penicillin at St. 


motherapeutic powers of penicillin, 
first in mice and then in men. Florev 
and E. Chain, working in Oxfora, 
England^dccisively proved that 
penicillin was non-toxic in man and 
acted as an extremely active anti¬ 
bacterial agent. Impressive clinical 
evidence followed, which confirmed 
its high specific antibiotic activity and 
the low toxicity. 






many ways, it is still tHe best. Some 
of its properties are indeed so unique 
that it is nothing short of a miracle 
that so amazing a substance should 
have been the first of its kind to be 
discovered. And it was fortuitous 
that penicillin was discovered at the 
time when the sulpha group of drugs 
were losing their effect in therapy, 
and drug scientists all over the world 
were looking for substitutes. 

Equally fascinating is the discovery 
of streptomycin, the first antituber-’ 
cular antibiotic. Prof. Waksman's de¬ 
partment of soil microbiology in Rut¬ 
gers University. USA, would have 
closed down in 1^39 because of lack 
of funds, but for the timely interven¬ 
tion of some far-sighted scientists 
who happened to have some say in 
the university affairs. Within three 
years, Waksman discovered strep¬ 
tomycin for which he won the Nobel 
Prize in 1952. 

With the discovery of penicillin 
and its establishment as a sate and 
useful antibiotic, laboratories and 
industries all over the world looked 
for microorganisms which would pro¬ 
duce useful substances. Out of such 
systematic screening of soils flowed 
many discoveries, including the prin¬ 
cipal anlibioiics currently in use. In 
the last 40 years, well over 3,0(K) 
antibiotics have been discovered. But 
very few of them have been lound to 
have the right combination of prop- 
ertics--high activity against the in¬ 
vading organism, low toxicity in 
mammals and physical and metabolic 
stability to justify their use in man. 

Range of antibiotic action 

Antibiotics or antimicrobial drugs 
kill or inhibit the growth of the 
bacteria in many ways. They must, 
therefore, possess the capacity to 
inhibit or destroy the pathogen (dis¬ 
ease-causing organism or substance) 
without injuring the host coll. Bacter¬ 
iostatic antibiotics inhibit bacterial 
reproduction but do not kill the 
bacteria. So when the antibiotic is 
removed, the bacteria start to grpw 
again. Bactericidal antibiotics arc 
lethal, and kill microorganisms 
directly. Broad-spectrum antibiotics, 
like tetracyclines and chlorampheni¬ 
col, are effective against a large 
number of species and unrelated 
microorganisms like bacteria, rickctl- 
siac, bedsonia and viruses. Narrow- 
spectrum specific antibiotics (penicil¬ 
lin, streptomycin, etc) are effective 
against only a few types of bacteria. 

The essential functions inhibited 
by antibiotics vary. Certain antibio¬ 
tics interfere with bacterial cell-wall 
synthesis; these include penicillins, 
cephalosporins, vancomycin and 








Pig 1; Colony morphology of some antibio- 
tio-producing microorganisms; 

(1) Strepfomyces caZ/fornicus—viomycin. 

(2) Por?/c/7/i(ym-penicillm. {3)Streptomyces 
fradiae — neomycin; (4) Strepfomyces 
r/mosws-oxytetracycllne: (5) Strepfomyces 
aiyreofac/ens—chlortetracycline: (6) Sfrep- 
tomyces gr/sei/s — streptomycin, and (7) 
BacUlus po/ymyxa—polymyxin 
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pd^bserifte. Telrflcydiiies, cMorain- 
iimenjcol, erythromycin, lincomy- 
|;dn, novobiocin, streptomycin, gen- 
\|tamicin, kanamycin and "neomycin 
the bacteria by inhibiting protein 
t synthesis- Polymyxin, colistin, nys- 
f. tatin, umpholercin B and hamycin 
affect the cell membranes of bactcr- 
t ia, yeasts, and fungi. Griseofulvin 
' affects nucleic acid metabolism in 
; certain fungi and hence is an effective 
antifungal agent. Phe mode of ac- 
; tion, is. therefore, against some basic 
.* cell function like protein, rna or 
V, DNA synthesis. 

How are antibit»tics produced com- 
merically? The key step is the fermen¬ 
tation process. Strains ol the mic- 
roorganisms selected after elaborate 
screening (Pig. 3) from randomly iso¬ 
lated pure cultures are inoculated 
into a nutrient medium in large 
; bioreactors. Incubation follows for 
' varying pegods. The growth and 
; productivity of microorganisms is 
greatly helped by optimised nutrient- 
mcdiiim, temperature, aeration and 
' agitation* Ditleicnt strains of a mic 
robial species may differ greatjy in 
/antibiotic productivity. Variations in 
; cultural conditions also affect anti 
biotic productivity by a strain. 

Many new and useful antibiotics 
' arc produced today by chemical 
‘ modifications ol the <iriginal parent 
antibiotic obtained by fermentation. 
/These derivatives possess many-use- 
; ful properties, not possessed by the 
'/.parent compound, for example, 

; many chemically modified penicillins 
' arc elicclivc against those bacteria 
which have become‘resistant to the 
; parent penicillin molecule. Still 
' others are effective against a wider 
variety oi microorganisms; some 
• others exhibit better absorption by 
/ body tissues. C hloramphenicol, 
which is widely used, is produced by 
chemical synthesis and not b\ fer¬ 
mentation. 

I Once an antibiotic-producing 
L strain is isolated and characterised, 
I the microbiologist’s inleresl is 



i Pig 3-Typical biological assay for antibiotic 
■production. In the figure A is the antibiotic 
I producer ancj B, C. D ancj E are test micro 
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directed to improving or increasing 
its ability, that is, selecting a better 
producer of antibiotics. Kxcellenl re¬ 
sults have been obtained with prac¬ 
tically all the industrially important 
antibiotics. I'o quote only a few 
examples of such genetic increases; 
penicillin levels from its original of 
about two units is now whispered to 
he about sixty to eighty thousand 
units per millilitre; streptomycin 
levels are n(>w^ about .35,0(M) units per 
ml, chlorletraeycline 2.^,000 units 
per ml, and oxyletracycline about 
.VS,000 units per ml from their origin¬ 
al levels of 10 to 25 units per ml. 

It is easy to see the far-reaching 
effect such an improvement has on 
the price of the drug. Similar de¬ 
velopments have made it possible to 
bring down the prices of other life¬ 
saving drugs, and make them easily 
available. Although initially the USA 
was the pioneer in this industry, the 
Liuropcan countries soon followed 
and established antibiotic manufac¬ 
turing companies. Japan followed 
suit in the late iy40s. Tne first Indian 


unit in the public sector went into 
production in 1954-55 (see page 
19). Some of these developments 
led to the rapid establishment ot a 
flourishing multi-million dollar multi¬ 
national industry. I his manufactur¬ 
ing activity spawned prodigious re¬ 
search in microbiology and chemical 
engineering to establish a whole new 
branch of engineering science— 
biochemical engineering. It also en¬ 
couraged phenomenal developments 
in research into cell biology and mic¬ 
robial genetics. 

Today, the thrust is towards re¬ 
searches on semi-synthetic deriva¬ 
tives, reassessment and novel 
methods of screening microorgan¬ 
isms and sampling unusual ecological 
habitats for isolating new ones. Also, 
a better genetic understanding of the 
antibiotic-producing organisms has 
already made a significant impact on 
production of several antibiotics. 

1‘he rate of discovery of clinically 
useful new drugs from microbial 
sources dropped shaiply in the late 
fifties, while partial synthesis of new. 
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(Iciivcd iinlibiorics (nolcibly from 
bcla-lactc\ms and Ictracyclincs) with 
improved biological properlies, in¬ 
creased. Systemalic cxarnination ot 
previously little-known genera ol 
microbes, especially of the actinomy- 
cetes group, for antibiotics, the use 
ol the new culturing and screening 
techniques and testing for more di¬ 
verse type of biological activities will 
probably provide significant new dis¬ 
coveries. Of the groups of antibiotics 
whose derivatives have been pre¬ 
pared, bcta-lactams have proved to 
ne the most useful and prolific. 
Although the original hope of tailor- 
made antibiotics has not yet been 
fulfilled, a great deal has been done 
both with penicillin and cephalos¬ 
porin. 

Current research centres on the 
two important antibiotics groups- 
penicillins and cephalosporins. Both 
are beta-lactam antibiotics and have 
similar nuclei, namely 6-amino- 
pcnicillunic acid (6 apa) and 7 ami- 
nocephalosporanic acid (7 ac a), re¬ 
spectively (see box on p.3l). While 


the derivafives of bcta-lactams. tet¬ 
racyclines, aminoglycosides (like 
genfamycin). and rilamycin have 
yielded useliil derivatives, those ot 
chloiamphemeol ha\e never been 
better than the parent substance. 

I'he problems m disenvering new 
antibiotics is not so much the actual 
finding ol some antibiotic property of 
microorganism but the large ex¬ 
penses involved in development aiul 
testing. It is estimated that it costs 
approximately nine to ten cioies ol 
rupees and takes a period ot ten 
years betore a newly discovered drug 
can be marketed. I'his is the reason 
why most of the current research in 
antibiotics is lestrictcd to producing 
derivatives of known compounds, 
except in areas of virus infections and 
cancer where known safe fherapeulic 
substances are not yet asailablc. Sev¬ 
eral Acts and rules govern the maiui- 
faclure and sale ot drugs. 

The total value ot antibiolic- sold 
all over the world is estimated to be 
about million dollars (in 1979). 
Of this, the beta-lactam group alone 


Fig 4. Special shaking equipment 

has a 2(1 per cent share and semi- 
synthclie antibiotics from a large 
portion of this. 

In India, antibiotic research could 
be said to have started around I960. 
Strain and product development are 
being continuously carried out and 
sustained. New antibiotics have also 
been discovered and some like hamy- 
cin are on the market as anti-lungal 
agents. India also produces in its 
private and public sector plants all 
the majoi antibiotics. Plans are on 
lor gentamyein and rilamycin pro¬ 
duction, which are broad-spcctrum 
antibiotics. However, the need 
would be to look for antibiotics 
which are active against water-borne 
diseases like typhoid, amoebiasis and 
other proto/oal iliseases. I hesc arc 
basically tropical diseases and re¬ 
search in India should concentiate on 
these. 

Antibiotics have not only been 
used in chemotherapy but also in the 
laboratory tor icseareh purposes. In 
fact.. thev have become imptirtant 
lesearch iools in molecular biology as 
they act as specific inhibitors of 
protein or nucleic acid synthesis. Its 
other non-medical uses include pre¬ 
servation of food, plant protection 
and treatment ot bovine mastitis or 
other infections in animals. Also, 
certain antibiotics are generally 
added in small quantities to the feed 
ot very voung animals to stimulate 
the rate of growth. However, all 
these uses pose possible hazards to 
human health. 
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D espite the wide availability 
of antibiotics, diseases like 
.tuberculosis, dysentery, typhoid and 
venereal diseases continue to plague 
mankind. Cholera and bubonic pla¬ 
gue erupt periodically—especially in 
Third World countries. Infections 
caused by Staphylocoi^us, ‘hospital 
staph', are frequent in hospitals. Sci¬ 
entists had hopefully looked on the 
antibiotics as miracle drugs that will 
. control bacterial diseases. But that 
; Was not to be. Though initially anti¬ 
biotics proved effective against a 
number of bacterial infections, today 
; the situation is different. Quite a few 
- antibiotics have lost their effect on 
disease-causing organisms, in other 
i words, these organisms have dc- 
..veloped resistance to antibiotics. 
What causes this resistance? In the 
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M. V. Panse 

Many antibiotics no longer cure. Many other 
antibiotics are on death row. What causes 
this resistance to antibiotics? 


lins bind to specific sites on the 
cell-wall and block cell-wall syn¬ 
thesis; since the cytoplasm continues 
to grow this eventually leads to lysing 
(bursting open) of the cells and their 
death. Streptomycin, spectinomycin, 
kanamycin. gentamicin and 
erythromycin bind to specific loca¬ 
tions on bacterial ribosomes (small 
structures made of protein and RNA 
and involved in protein synthesis 
mechanism of the cell) and lead to 
defective protein synthesis and even¬ 
tual death of the cell. Chlorampheni¬ 
col blocks the protein synthesis and 
thereby inhibits the cell growth. 

Mutations in genes responsible for 
biosynthesis of the cellular structures 
to which the antibiotics bind normal¬ 
ly (target sites) render the cells non- 
viable. However, in rare instances, 
the mutations do not make these 
structures non-functional, but des¬ 
troy their affinity for the antibiotic. 
Such mutations make the cell resis¬ 
tant to the antibiotic. Similarly, 
mutations which modify permeability 
of the cell, so that antibiotics cannot 
enter the cell and find its target site, 
also impart resistance. 

Fortunately, mutations leading to 
antibiotic resistance are very rare 
(between 10 " to 10 per cell per 
generation). However, when such 
nxutants arise even in one or a few 
members of the bacterial population 
exposed to the relevanf antibiotic, 
most of the population succumb to 
the drug but the resistant mutants 
continue to multiply, eventually rais¬ 
ing a whole population of resistance 
cells. Ibis phenomenon of antibiotic 
resistance was observed with most 
antibiotics, within a short period of 


beginning, it was believed that muta¬ 
tion (in the bacteria) occurring spon¬ 
taneously, followed by selective mul¬ 
tiplication of the resistant types, was 
the only cause. But, now we know 
that this is not true. Today, we have 
come a long way in understanding 
the mechanisms of drug resistance in 
bacteria. Apart from its importance 
in the medical field, the study of drug 
resistance offers new insights in the 
field of microbial genetics by eluci¬ 
dating the relationship between 
viruses, genes and* other extra- 
chromosomal elements. 

A drug inhibits the growth of a 
microorganism by affecting one of 
the vital functions required for the 
survival of the organism. For this, it 
binds to a specific target site in the 
susceptible cell. For instance, pcnicil- 




ifei»tt 60 of tms (Phenomenon, the 
patient would first respond to an 
antibiotic but would suffer a relapse 
after some time and Would no longer 
benefit from the same antibiotic. In 
most such cases, switching over to a 
new antibiotic would help the pa¬ 
tient, with a few unfortunate excep¬ 
tions where the infecting organism 
might develop resistance to the 
second antibiotic too. Such problems 
could be avoided, if the patient were 
put on a regimen of two antibiotics 
right from the beginning since the 
probability of resistance to both 
drugs arising simultaneously in the 
original population is exceedingly 
low. 

It thus appeared that the antibio¬ 
tics were the final answer to the 
infectious diseases, in spite of the 
jelFs ability to throw up resislanec 
mutants. All one needed was the 
availability of a small number of 
antibiotics to which a pathogen 
would be susceptible. Ihis dream 
was, however, shattered in 1^55 in 
.lapan, with the appearance of the 
first documented case of a pathoge¬ 
nic organism which had developed 
resistance to a series of drugs and 
which could transmit this resistance 
to other (sensitive) organisms of the 
same or different species. In the rest 
of this^irticle we will mostly discuss 
this transmissible multiple drug re¬ 
sistance which has since become a 
major worldwide problem in the 
path of using antibiotics to fight 
infectious diseases. 

Historical perspective 

In 1955, a Japanese woman, who 
had returned from Hong Kong was 
afflicted with a stubborn case of 
dysentery. What was unique about 
the bacillus of the genus Shigella, 
which caused the dysentery, was that 
chloramphenicol, streptomycin, tet¬ 
racycline and ^sulphonamidcs had 
no effect on it. Only about a decade 
earlier, during World War II, sulpho- 
namides (Su) were being routinely 
and effcctivciv used against Shigella, 
which caused dysentery epidemics 
too frequently in Japan. But. this 
elfectivcness was only short-lived. By 
1%2, more than 8(1 per cent of the 
Shigella isolates were highly resistant 
to sulphonamidcs. Same fate fol¬ 
lowed the introduction in Japan of 
the antibiotics streptomycin (Sm). 
tetracycline (Tc), and chloramphe¬ 
nicol (Cm) in the early fifties. And by 
the late fifties, a significant number 
of Shigella strains were isolated 
which exhibited resistance to more 
than one antibiotic—they exhibited 
multiple resistance. Japanese popula¬ 
tion was besieged by a number of 
unmanageable dysentery epidemics 


Shigella, Subsequently, it was found, 
that £. coll strains which inhabit the 
intestines and form the normal flora 
of the human gut, were also present 
in resistant form in patients along 
with the resistant Shigella, 

Coming to our Japanese patient 
from Hong Kong, through experi¬ 
ments. Tomoichiro Akiba of I'okyo 
University confirmed in 1959 that 
resistance to the four drugs was 
transferred from resistant £. coli to 
sensitive Shigella and from resistant 
Shigella to sensitive E. coli. Later 
on, the same kind of drug transfer 
was demonstrated in laboratory 
animals and even in humans by other 
researchers. 1'he term resistance fac¬ 
tor (R-faclor) for the agent causing 
the infectious drug resistance was 
proposed by S. Mitsuhasi of T. Wata- 
nabe's group at Kcio University 
School of Medicine, Fokyo. This 
term is widely used even today. 

The world outside Japan Icarni 
about the Japanese experience with 
these mysterious resistance factors in 
196.1 through Isutomu Watanabe's 
detailed Hnglish language review of 
R-factors in E. coli and Shigella. 
Soon, It was found that R-faclors 
were prescni in other bacteria loo. 
Naomi Datla of Royal Postgraduate 
Medical School, London, reported 
R-factors in Salmonella typhimurium, 
G. lebek of West Germany disco¬ 
vered R-laciors in E. coli strains 
whilst R. P. Novick of Public Health 
Research Institute, New York, lt)und 
similar factors in Staphxlaeocci. 
rhus, within a spa:n of a lew .years, 
the problem of transmissible multiple 
drug-resistance was observed 
throughout the world. 

How could this multiple-drug re¬ 
sistance arise? Simultaneous modifi¬ 
cation of target sites for all the drugs, 
due to independent mutations could 
not occur at that high afrequency The 
reason had to lie somewhere else. 
Indeed, it was soon found that I he 
multiple-drug resistant bacteria Ire- 



'^Packinf; aniihiotics all tiay had severe side 
effects Oh our men. So we got 'em robots” 


quenify produ^d a 1ii|h proiK>rab#'; 
of cells which were sensitive to all the ? 
antibiotics, implying that the target 
sites for these antibiotics had nol bejl^it; 
affected. The mystery was solved witll!'' 
the discovery that the key to 
drug-resistance exhibited by the^^i 
bacteria lay in their ability to modify'*^ 
the antibiotics with the help of cer^^ ’ 
tain enzymes, that they produced. 
The modified antibiotics could not 
recognise their cellular targets and,' 
therefore, had no inhibitory effect on^ 
the cells. The enzymes which were* 
responsible for inactivating the anth^^ 
biotics were coded by genes located 
on extra-chromosomal circular DNA:y 
pieces. These dna circles arc R-j 
lactors, of Watanabe. 

.V? 

Molecular nature of R-factors 

As stated above, R-factors are 
units of DNA. These units carry the ; 
information for their own replica¬ 
tion, for drug resistance, and their 
conjugal transferability. They are 
thus a class of plasmids, a term used 
to describe autonomously replicating 
extra-chromosomal DNA fragments. 

The R-faciors were found to share 
many properties with the sex or^ 
fertility factor (F factor) of E. coli 
which had been studied earlier. Like 
the P factor they are normally cyto¬ 
plasmic in nature and can promote 
their own transfer or transfer of other 
non-transmissible genetic elements.; 
present in the saiVie cell. In rare - 
instances, they are integrated into , 
the chromosome and then they 
promote oriented transfer of the 
chromosomal genes. R-factor medi¬ 
ated DNA transfer also requires cell* 
lo-ccll contact and a conjugation , 
lube (pilus) (See Figure on;p.26).The’ 
structure of the pili produced by the 
R-laclor is, however, different from 
the F-pili. And. the efficiency of the 
R-laclor mediated conjugation is* 
normally much knver than the F- ' 
mediated conjugations. Like the 
I factor. R-factors are also frequent- . 
ly spontaneously lost during cell ' 
livision. Many ol them can also be 
eliminated (cured) by treatment with ; 
acridine dyes, or oiher physical or 
chemical agents like elhidium bro¬ 
mide, sodium dodecyl sulphate, ultra ' 
violet light, etc. 

R-tactors have the property of 
spontaneously losing fragments of 
their DNA. They may also acquire 
additional fragments by translocation 
Irom other gcntimes'(see box on 
p.28). The loss or gain of DNA frag¬ 
ments by these R-faclors can change 
the number of antibiotic-resistance 
determinants carried by an R-faetor. 

It can also at times lead to the loss of 
genes responsible for their conjugal 
transfer from one cell to another.The 
non-transmissibic plasmids thus gen- 



can spread in a p^pulatfon. 
I^ilher hy bacteriophage mediated 
^^Irunsduetion or with the help of 
|>4ransniissihle plasmids (plasmids car- 
frying the genetic determinants for 
conjugal transfer) present in the 
same cell. 

I Refactor mediated resistance 

R-factor induced drug resistance is 
due to production of an enzyme hy a 
gene on the plasmid which inacti¬ 
vates the antibiotic or changes its 
l^rmeabilily. The mode of inactiva¬ 
tion varies with different antibiotics. 

Bacteria which are resistant to 
penicillin produce an inactivating en- 
'zvme penicillinase (hela-lactamase). 
iThe beta lactamase hydrolyses the 
bond between the carbon mont).xide 
and nitrogen (C'O-N bond) in the 
bcta-lactam ring of the penicillin 
molecule making the antibiotic 
Inactive. 
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I ; electron micrograph of E. coli Note the 
\ F-pilus between the recipient and the donor 

!| Resistance to different aminogly- 
|cosidc antibiotics like streptomycin, 
ikanamycin. etc is due to several 
Icnzymes produced by different R- 
I factors. Several en/ymes have been 
|charactcriscd which modify different 
l^oups of aminoglycoside antibiotics. 
I These include streptomycin adenviate 
^synthetase, which inactivates strep- 

i Homycin. blucnsomycin and spccli- 
Inomycin by adenylylation: strep- 
hotnycin phosphotransferase, which 
^inactivates streptomycin, but has no 
effect on speciinomycin or bluen- 
somycin; kanamycin pfwsphoUans- 
which phosphorylatcs 
kanamycin, neomycin, paromomy¬ 
cin, and some components of the 
gentamicin and nebramycin com¬ 
plexes; kanamycin acetyliransferase. 
which acetylates kanamycin, neomy- 
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piiitnUrikiiiM 
gqii^ itniibiQiic 4!eatim»it yps nwrrM 
Oiii% Mr. V;|(My fircdM«l^^ 

Dr. S. V. y^hng. Chief PhthoJofiM. 
Shuthrusha Mo(^ttai and Prof. D. V. 
Tamhane of Univentty Department of 
Chemical Technology, Bombay. From a 
sample of 123 healthy individuals (who 
had not consumed any antibacterial 
agent for at least six months prior tu their 
examination), they could isolate 110 
dfug<^esistant £. ^ strains, of which 
nearly 46 per cent were multiple drug 
resistant (MDR>Several patterns of mul* 
tiple drug resistance were observed, the 
most common being A, S, C, T, SU (that 
is, resistance to umpicillin, streptomycin, 
chloramphenicol, tetracycline and sui- 
phamcthaxolc). 

Among the 75 patients, a total of 66 
drug-resistant £. coti strains could be 


HHEOiA^ gWP* Air 

^ suivey iwas a mu^ 

fOO} mcj^ACie of 

viduals of Baiisdin vifl^e, 

near Bombay, where dtiNSCMiVTM^jiM 

brotics is mu^ less. Obvimisiy^ 

exposures to antibic^to Is 

for the high occurrehcei of 

among the urbanites. 

Another survey was cary|bd 
Mr. Rangnckar in 198(.) ai Sir- FiudpMpH 
Hospital, this time in collaborgt^;|m 
Dr. D. D. Banker and Dr. H. 

Drug resistance was found 
from nearly 60 per cent Qf.7i ’biiM 
adults and 92 per cent of 110 
under antibiotic treatment aA.'> 
hospitals. Though the survey wgs 
limited, it appears that bicidejMn 
resistant £. coii has increased dl|rtii§M 
last two to three years. Resisunoft^aH 
predominantly for drugs likp; 
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Genetic map of R-factor. Five determinants 
for reaiatanoe td druea. and the determi¬ 
nant the reeistant^ranafer factor iRTFl, are 
^ehown 

isolated, before the start of any anti¬ 
biotic therapy. Of these, nearly 47 per 
cent were MDR. After treatment with an 
antibiotic, either ampicillin, tetracycline 
or erythromycin, nearly all the isolated 
£. coii strains were MDR and resistant to 
the specific antibiotic to which the 
patient had been exposed. Less than 30 
per cent of all the MDR strains isolated 
from patients' before wtibiotic treat¬ 
ment could transmit their antibiotic 
rcsistana^ character to sensitive £* coii 
strains. This figure was over 50 per cent 
for the MDR strains isolated after the 
antibiotic . tfcwrapy. Quite disturbingly, 
all the ttansimsiMe drug resistance fac¬ 
tors could also be transmitted m Sah 
,jnonei^t fyphi tlw. wisat^ agents for 
typhoid infeetioit., \, 

A more exteiuiivf survey was carried 
Dttt by Mr, V. M, Rangnekar in col- 
Mboration with Dif, S* V. Cadre. Dr. S. 
Mukherji andJiBr. D. $. Chitnis of the 
t^kiiie Inititutdi^Boiiibay, in 1977-78. 

dny antibiotics for at 
. ^ftefltidftR this study and 

\ aotibiotfe 


pltonamides. streptomycin, diS& w ww M - 
phenicol, ampicillin, kanamycin 
racyclinc, which arc most contflipH^ 
used in the treatment of baeterml'ftfi^g 
tions. Moreover, resistance, to 
ttvely new drugs, like gentamfe^V,li||m 
trimethoprim, has also emerged.' 

Drug resistance was also obsevvjM'iMjl 
different SahfwnflJu species. The.|||M|y 
dcnce of drug resistance was bighea^S^ 
typhtmitrium isolated from cases o^jllliaKra 
rhocu and sysiemic infections, 
resistance is comparatively Idvir.,^ 
paratyphi (K per cent) and S, typhi (jl, 
cent). 

Identical patterns of plasmid.l 
resistance were found in cocxistihjgl 
lures of .S', lyphimurium and£. coBv 
eating mtcr-gcneric transfer of R 
by conjugation. 

A disturbing finding of Rail 
and his collaborators was the 
of plasmids of the so-called grodp 
their isolates. Tliese plaunkktlM^ 
associated with the typh^ 
which killed many people in MexiGibi 
the South East Asian counixiea ;494— 

1972-74, Though the, mcidence.of^ 
plasmids was low (one per cent) 
pared to other types of piasfiiid^ thaif 
proportion can .incfeaae due' to m^Gfa;, 
uras to uMibiotla.. ^ 
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Chloramphenicol is a broad spec¬ 
trum antibiotic used against enteric 
bacteria. Simiiarly<the R-tactor for 
cliloraniphenicol resistance codes for 
a constitutive en/yme that catalyses 
acetylation of chloramphenicol in the 

P resence of acelyl-coenzyme A. 

hrough a series of acetylations, the 
antibiQtic is rendered inactive. 

Tetracycline resistance is probably 
the most common R-factor-mediated 
drug resistance in nature. Yet little 
attention has been paid to it. It .seems 
that the resistance is due to the 
inability of the bacterium to concen¬ 
trate tlie tetracycline in the cell and 
hence cell-permeability may be 
t altered. Permeability may be the 
mechanism for R-factor-mediated re¬ 


sistance to sulphohamides, too. R- 
factors also mediate resistance * to a 
number of heavy metals, colicins and 
ultraviolet radiation. 

Impact on modern medicine 

The high rate of incidence of multi¬ 
ple drug resistant organisms has be¬ 
come a serious worldwide problem. 
I'he fact that R-factors can be trans¬ 
ferred to every genus of enterobactar- 
iaceae through non-pathogenic bac¬ 
teria like E. coll has become a major 
ublic health problem. If a person 
arbours E, voli with R-factor in the 
intestinal tract, they can turn sensi¬ 
tive pathogenic organisms like* 
Shigella, Salmonella, V cholera to 
resistant ones. It will then be difficult 


to control the infections caused by 
these pathogens. Since the use of 
new and old antibiotics is constantly 
increasing, both for clinical and agri¬ 
cultural purposes it is necessary to. 
carry out an area-wide survey to 
access the incidence and extent of the 
multiple drug resistance. (Otherwise, 
we may reach a situation when the 
future of chemotherapy can appear 
dubious. 


Dr. Panse is Deputy 
General Manager of 
Hindustan Antibiotics 
Ltd. He is actively asso¬ 
ciated in research on 
multiple drug resist¬ 
ance. 






















AMTnUOTiCS 


THE ABUSES 


More than half the antibiotic prescriptions are 
unnecessary, and can cause serious problems 



D octor, it all started with a 
running nose. And now I have 
cough, body ache and fever." "No 
problem/* says the doctor. Alter a 
brici examinalion of the patient, he 
starts scribbling the names of a num¬ 
ber of drugs. All too frequently, the 
patient comes hack alter a few days 
with no improvement in his general 
condition. The doctor now' prescribes 
a fresh set of antibiotics, rhe patient 
may respond to this, or he may go to 
aiKUher doctor or give up the treat- 
mem altogether. 

Many patients today receive more 
than one antibiotic at a time, and jus¬ 
tifiably there is much concern about 
"antibiotic abuse *. Though antibio¬ 
tics constitute a major proportion of 
the drugs prescribed in modern 
medical practice, many di)Ciors are 
unaware of the risks involved. Occa- 


K. G. Nair 

sionally, the risks are predictable be¬ 
cause of known pharmacology, but 
often the adverse effects manifest 
themselves only after exposure to the 
drug. 

With hundreds of antibiotics in the 
market, some feel we have opened a 
Pandora's box, while others, like 
Richard Novick, chici of the Depart¬ 
ment of Plasmid Biology at the Public 
Health Research Institute in New 
York ('iiy, says: "In all fairness, 1 
must point out that I do not loresce a 
global epidemic of untrealable plague 
as a likely consequence of antibiotic 
misuse... Nevertheless, there has 
been a series of serious epidemics ol 
typhoid and dysentery in recent years 
in South and (Vnlral America. For 
those infected with hospital strains of 
I'rotrus, Pseudomonas and Serratia 
that are resistant to 
all clinically useful antibiotics, 
the miracle drugs might as well have 
never been discovered." But llu)sc 
whose lives have been saved by these 
miracle drugs think i>therwise. 

rite mam reason lor the emergence 
of resistant bacteria which do not re¬ 
spond to a given treatment of antibio¬ 
tics has been the massive overuse and 
misuse of antibiotics in humans and 
also in laising livestock. No reliable 
data are available in India on the 
quantities of antibiotic prescribed in 
various mslitutions. leave aside by 
private practitioners. In the US, 
iiowevei, it is known that more than 
.SO per cent ol the antibiotic prescrip¬ 
tions aie given without any evidence 
ot bacterial or any othei infection. It is 
estimated that nearly SO to 00 pci cent 
of antibiotic prescriptions arc un- 
necessarv. 

The drug companies are too eager 
to push their products—ol course, 
through the doctor. And the patients 
want to be cured fast by the miracle 
drugs. 'This vicious circle is to be 
broken, somehow. Hr)w, one does not 
know. Ldiication, a sense of resnonsi- 
bilitv and even legislation must ne en¬ 
forced to prevent the antibiotic mis¬ 
use. 

No doubt, the marvellous cures 
antibiotics effect are impressive. But 
antibiotics misuse may well prove to 
be the nemesis of man. Perhaps there 
is more than a grain ol truth in Ivan 
ilieh's criticism of the medical profes¬ 


sion .* Have we overshot the limits in J 
the nicdicalisation of life? 5] 

Penicillins constitute a group of vir- / 
tually non-toxic drugs, but sometimes 
toxic and allergic reactions do occur - 
with fatal consecjuences. The penicil- , 
lin group of antihioiies is excellent ( 
for pneumococcal (causing pneumo- 
nia and other infective diseases in hu* J 
mans) and for streptococcalinfcclions. i; 
They are also effeetive against the » 
common venereal diseases like syphi- i 
lis and gonorrhoea, linfortunately, 
hypersensitivity reactions do occur in 
some individuals. The allergic man- ? 
ifestalions include rash, fever, bron- ' 
chospasm (temporary narrowing of ? 
the ultimate branches of the windpipe !: 
due to violent involuntary contraction 
ol its muscles), vasculitis, collapse due 
to hypersciiMtiviiy, and rarely death. > 
It is mandatory loi the physician to .( 
ask lor a history of penicillin allergy 
before adiTiinistering the drug. Unfor- ' 
tunately, this rule is not often adhered 
to and catastrophic results have been ; 
known to occur. 

Penicillin (eithci by mouth or intra- 
muscular injections) still remains the ■ 
antibiotic ol choice for the prophyla¬ 
xis (prevention) ol rheumatic fever— , 
a crippling disease whiehdamages (he 
heart valxes. The same drug, howev- 
or, cannot be used lo pi event wound > 
infections So olten, one hears about 
the protective umbrella ol antibiotics. 
But there is no siibsliluie for the use 
of a good antiseptic before surgery. 

It lias become fashionable tor the 
patients to ask lor ampieillin (an ami- 
no-penicillin) now. However, this 
also causes drug la.sh in some sus¬ 
ceptible individuals. It is not good to 
give ampieillin lor a simple sore throat 
where oral penicillin will do; it is no 
more etiectivc than penicillin. Furth¬ 
er, it is loo potent a drug lor the condi¬ 
tion. lYcquent use will lead lo resist¬ 
ance against the antibiotic. If the sore 
throat is due to micetious mononuc¬ 
leosis, a widespread skin eruption can 
result. 

It is even worse lo prescribe some of 
the newer semisynthetic penicillins 
such as ccphalaxin. cephradine or 
eephalothin for comnum colds and 
fevers. These anlibiolies are lor spe¬ 
cial use against penicillin-resistant 
bacteria. 

A number-of fevers are caused by 



and upper respiratory tract infec 
!‘lions includine even a simple sore 
j throat—all belong to this class. To 
f give penicillin or ampicillin in these 
conditions is meaningless. In fact, 

: prolonged antibiotic treatment will 
; lead to fungus infections, such as can- 
^ dtdiasis which affects the skin, lungs, 
" mucous membranes and viscera of 
man caused by a species of Candida. 
A female patient, who was given anti¬ 
biotic treatment, which continued for 
13 days, for common cold and cough 
ended up with a severe itching rash in 
: the vaginal region. The gynaecolog- 
;• ist, who was the second doctor visited, 
;; knew the patient well and promptly 
' .asked her: “Are you taking any anti- 
r;biotics? If so, stop them immcdialc- 
i -ly.” Within a few days, the vaginal 
I infection disappeared. 

The rational approach to a fever is 
■' to discover its cause and treat it. 

When the doctor irrationally reaches 
i; tor the antibiotic it is mainly to do 
something fast to satisfy the patient. 
" The discerning patient will realise that 
!, antibiotics are not the cures for high 
f fevers (antipyretics) and that most 
V fevers are self-limited. Whenever 
\ possible, it is better to investigate the 
j cause of the fever thoroughly than to 
Vtake powerful antibiotics. Some- 
times, the cause of a fever of “un¬ 
known" origin may he the antibiotic 
’ itself! 

! Cases continue to be reported of 
penicillin-induced hemolytic .anemia 
> where there is a decrease in the 
.^hemoglobin content and even in the 
! humber of red blood corpuscles. This 
usually occurs when high doses of 
penicillin are given. Some of the more 
I severe, toxic reactions of penicillin 
^ cause severe and irreversible damage. 
vThcre is a case history of a onc-ycar- 
lold whose hand had to be amputated. 

This extreme step had to he taken 
* because, it seems, the doctors (unin¬ 
tentionally) gave an intra-arterial in- 
: jection of penicillin which led to the 


tions in man, respectively, have been 
reported. Researchers also think that 
cross-allergy reactions between two 
groups of beta-lactam antibiotics arc 
not impossible. 

A group by itself, aminoglycosides 
include streptomycin, dihydrostrep- 
tomycin, neomycin, paromomycin 
(aminosidine), kanamycin, amikacin, 
gentamicin, sisomycin aad tob¬ 
ramycin. Here, too, the side-effects 
arc many and common amongst the 
different members of the group. They 
include toxicity to auditory-vestibular 
organs, specifically the right eighth 
cranial nerve and kidneys (nephroto¬ 
xicity). 

Of laie. gentamycin has become the 
most popular antibiotic because of its 
. “wide-spcctrum" activity. While it 
has truly proved to be life-saving in 
many cases, we are now seeing cases 
of resistance just as with the other 
antibiotics. Gentamicin is also not 
without toxic effects. It can damage 
the internal ear and adversely affect 
kidnev function. 



)> 

Macrolides, like erythromycin and 
oleandomycin, have relatively few 
side-effects. However, the occurr¬ 
ence ol gastrointestinal disturbances 
limits the clinical use ol these antibio¬ 
tics. Erythromycin estolate and 
triacetyl oleandomycin arc also 
known to cause toxicity in the liver. 
Of course, there is also the problem 
of development of bacterial resist- 


a ceitaiti' 

tnts may also affect the overall stool 
formation, leading to bulky and foul' 
smelling stools. 

Being “broad-spectrum", tetracy¬ 
clines act on a wide variety of bacter¬ 
ia, and are, therefore, popular. Most 
of the tetracycline associated side- 
effects arc related to the skin, teeth 
and bones, kidneys and the digestive 
tract. It should, however, be noted 
that most skin reactions which 
appear following tetracycline treat¬ 
ment are induced by excessive expo¬ 
sure to sunlight. This is further sup¬ 
ported by the fact that % per cent of 
. the skin reactions to tetracyclines are 
associated with dcmethylchortetracy- 
cline, the most phototoxic member of 
the group. For other tetracyclines, 
the skin reactions have a frequency 
of less than one per cent, at least in 
non-tropical areas. Five patients re¬ 
ceiving tetracycline for six months for 
treatment of acne on the face de¬ 
veloped red patches. Slowly, the- 
other sun-exposed parts (at 57"C) 
became fragile and blisters formed. 
Apparently, the tetracycline is trans¬ 
formed by sunlight into an antigenic 
substance. 

As most ol the tetracyclines are 
only partly absorbed from the intes¬ 
tines, they remain in the gut for long 
and are known to change the charac¬ 
ter of the intestinal flora. Fecal col- 
iforms decline in number but yeasts, 
enterococci, Proteus and Pseudo^ 
monas can overgrow. Thus, one form 
of diarrhoea may be replaced by 
another form which can prove fatal. 
Gastric and intestinal discomfort is 
also experienced in some patients 
after oral administration ol tetracy¬ 
clines. Some experience nausea too. 

(hildren receiving tetracyclines 
may develop a brown discoloration 
of teeth. The problem is specially 
noted in newborns (neonates) and 
babies before their first dentition. 
I’ctracycline also deposits in the bone 


' development of a dead mass of tissue 
in the hand (ischaemic gangrene). 
Also, a peculiar neuropsychiatric 
.reaction is known to occur to intra¬ 
muscular injection of procaine penicil- 
Bn. This comprises fear ot death and 
,/auditory and visual hallucinations, 
^jand is popularly termed as Hoigne 
' syndrome. 

The semi-synthetic cephalosporins, 
though having a lot in common with 
the penicillins, arc not so popular be- 
cause of the distinct disadvantages 
^\iissociated with their administration. 
I'/They are known to cause acute renal 
I tailure accompanied with tubular ncc- 
,^^ros^s, Also, infcric^r activity against 
‘ meningococci, gonococci, cntcrococ- 
/ci and Hemophilus influenzae^ which 
cause meningitis, gonorrhoea, intes- 


A new finding about oral adminis¬ 
tration of erythromycin estolate to 
babies should put mothers on guard. 
Ciastroinlestinal diseases arc one of 
the most freuucnt disorders encoun¬ 
tered in babies, especially when 
drinking water is not boiled and 
unhygienic sanitary conditions pre¬ 
vail. Too often, in the last few years, 
doctors in India have been known to 
prescribe erythromycin estolate to 
counter the disease. What arc the 
consequences? It seems the pylorus, 
the orifice of the stomach eornmuni- 
caling with the small intestine, gets 
obstructed due to hypertrophy ofthe 
thickened ring of muscles i pyloric 
sphincter) at the lower portion of the 
stomach. The ba1n ctnistantly com¬ 
plains ot abdominal pain as there is 


as calcium orthophosphate complex, 
which affects bone growth adversely. 
Therefore, tetracycline is avoided in 
childhood, if possible from the fourth 
month in the uterus until eight years. 
Apparently, this is not followed by 
some doctors. 

Sometimes kidney trouble may 
also be aggravated by this drug, 
especially when it is used after the 
expiry dale. Pregnant women are 
occasionally prone to liver damage 
with tetracyclines, and one variety, 
demccliK'vcIine, produces phototoxlc 
reactions in susceptible people ex¬ 
posed to sunlight. Now it is generally 
acxxspted that tetracyclines, with the ex¬ 
ception of doxyclinc and minocy¬ 
cline, are not to be given to patients 
with chronic renal failure. 


'‘SSa-tactams—iitopian antibiotics 


A MOU i of pcniciiiin or its deriva¬ 
tives is made of 4-mcmher beta-lactam 
ring, a 5-membcr saturated heterocyclic 
ring and a side group attached to the 
bcta-lactam ring. Cephalosporins differ 
from penicillins in having a (vmember 
unsaturated heterocyclic ring. I he key 
to the antibacterial propeifies of these 
conipi)unds lies in the beta-lactam ring. 
It is this ring, especially the chemical 
bond between the nitrogen and the 
carbon mom>xide which reacts with the 
enzymes involved in bacterial cell-wall 
synthesis. 

The bacteria can inactivate the bcla- 
lactams in one of the three ways: (a) by 
opening of the beta-lactam ring—a 
leaction which is catalysed by enzymes 
called penicillinases or beta-lactamases: 
(b) bv splitting off the side chain—a 
reaction which is catalysed hy amidascs 
(acylascs). aiui (c) by the icmoval of the 
acetyl group in the 3-position, in tlie 
substituted bcta-laetams. This hist reac¬ 
tion is catalysed by esterases. 

All these en/ymes are widely distri¬ 
buted in the microbial w'orld. Hie w'lde- 
spread and often indiscriminate use of 
the antibiotics has resulted in a strong 
selection tor resistant bacteria which 
have the capacity to produce one or 
more ot these cn/ymes. 

The most common cause ol resist¬ 
ance, however, is the synthesis of the 
eii/yme hcta-lactamases by the h.icter- 
ia. Ihis tact led the lesciirchers to look 
for compounds which inhibit hela- 
lactamases and also possess antibiotic 
activity. I’hc discovery ot compounds 
such as clavulanic acid, nocardicin,* 
thicnamycin, olivamc acid and PS-5 as 
natural products is an outcome ol these 
ettorls. 

The first gcneialion of antibiotics 
came out iii the maiket as direct tcr- 
rneritalion products. I he need for mod¬ 
ify ing these was felt as scientists became 
more aiul more aware ot the problem ot 
inactivation. I'he moditieations could 
be earned out purely chemically or 
biochemical Iv. 


Chloramphenicol, a hroad- 
speclrum antibiotic, became unpopu¬ 
lar in the West because of accom¬ 
panying blood (hematological) dis¬ 
orders, often with faltil consequ¬ 
ences. Now, chloramphenicol is 
used for specific indications only— 
typhoid and paratyphoid fevers, 
some septic forms oi salmonellosis 
(infections with any species of Sal 
numella), serious infections like sep¬ 
sis, inflammation of membranes of 
the brain and the spinal cord 
(meningitis) and acute epiglottis 
caused by ampicillin-resistant strains 
of the bacterium. Hemophilus hv 
fluenzae, Thiamphenicol, a chemical 


For a long time, the chemical modifi¬ 
cations of p-lactam antibiotics were 
limited only Xo the periphery of the 
intact (penam or cephem) nucleus. A 
very large number of side-chain mod¬ 
ified penicillins and cephalosporins 
have since been reported. It is this 
approach which has brought out a series 
of p-lactams used m medicine, miiuding 
the leccnt introductions of mecillmam. 
cetamandolc. ccturo/imc. cetoxitm. the 
urekhqx'mcillins. cctachloi and cetota- 
.\ime. 

The availability of chemical methods 
ot transforming the penicillin nucleus 
into cephalosporin advied yet aimther 
dimension to the semi-synthctic chemis 
try of |l-lactams. As penicillins are 
cheaper and more readily available than 
cephalosporins, most ol these proce¬ 
dures arc restricted to the conxersion ol 
the 4:5 to the 4:h ring system. Ilowever. 
a few traiislormations ot cephems to 
penanis have also been leportcd. The 
total synthesis ol penams and cephems 
was the culminating point in the nuclear 
chemistry ot |i-lactams. 

The sulphur in the heterocyclic ring is 
replaced hy oxygen m claviilanic acid, a 
natural termentation product. Such a 
compound is termed oxa-penam. I he 
removal ol sulphur from the ring-svstem 
makes it easier to synthesise penieilliii 
and cephalosporin tvpe of molecules, 
fills approach, therclore. resulted in 
the synthesis (4,molecules with nit¬ 
rogen. <»xygcn Ol earhon m place ol 
siilphui (a/a-, oxa- or earba-penams or 
cephems respectively). The emcigence 
ot a/oeillm, oxacillin, carhenicillm and 
the like IS the result of the development 
ol chemisiiy ot b-lactaiTis. Nuclear 
modifications ol cephalosporins re¬ 
sulted in retaining the miciohiologieal 
activity and inereasing the potency 
against giam negative oigamsnis in a 
lew cases. Ilowevci, the sensitivity ti) 
(flaetamases temained imehanged 

The biochemical modifications were 
carried out by feeding modified pre¬ 
cursors to an antibiotic producing organ- 


analogue of chloramphenicol, is less 
likely to cause bone-marrow prob¬ 
lems but it has not yet become 
popular. Blood disorders and pro¬ 
nounced immuno-suppressive ellects 
have been reported to be associated 
with thiamphenicol therapy. 

In general, chloramphenicol admi¬ 
nistration leads to bone-narrow dam¬ 
age, where there is a marked sup¬ 
pression of formation of red blood 
corpuscles and other blood compo¬ 
nents. This is more pronounced 
among the white races, leading to 
anla.stic anemia. In new-born infants, 
the drug may cause “grey syn¬ 
drome" This is manifested by vomit- 
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B-lactam is the key molecule of the penicib 
lins and cephalosporins 


ism and by using enzymes to modify the 
untibioiic. Penicillin V, for example, was 
a result of feeding phenoxyacctic acid. 
An antibiotic, PS-5, was recently dcacy*- 
luted into a new |)-lactam antibiotic 
(NS-5), with interesting therapeutic 
properties and which can be a useful 
intermediate for biological and chemical 
modification. 

1‘he idealised situation is where we 
have an antibiotic which is highly potent, 
with a broad spectrum of activity, resis¬ 
tant to all inactivating en/ymes and 
which is readily absorbed when adminis¬ 
tered orally. The techniques of pro¬ 
toplast fusion and recombinant technol-, 
ogy hold great promise in this diiection 
for recombinants can be obtained with a 
high frequency, and hitherto impossible 
genomic combinations can be achieved, 
The race is on, worldwide. Discovery of 
such an utopian antibiotic will be a major 
landmark in the history ot p-lactams. 

B. N. APTE 

Dr. Apte is with the research centre of a 
major pharmaceutical company in Bom¬ 
bay 


ing, refusal to suck, abdominal! 
distention, and the skin and thp 
mucus membranes in different re¬ 
gions become blue due to deficiency 
of oxygen in the blood. Fhe baby; 
develops an ashen grey colour and' 
this reaction can prove fatal. 

tars and eyes are also affected by 
chloramphenicol. Hearing defects or 
ototoxicity IS commonly associated 
with local application of chloramphe¬ 
nicol. In one study, 12 cases with 
chronic inflammation of the middle < 
car (otitis media) were observed withj 
asymmetrical hearing loss after! 
treatment on one side with chloram-, 
phenicol powder. Because of its poor 





Jltty in water, mahy matiu^c- 
rs use propylene glycol as a 
^iiiclc for chloramphenicol ear- 
“ ops. Animal experiments have 
oved that both substances are high- 
ototoxic, if applied to the middle- 
T cavity. Ear drops containing 
jOther antibiotics like neomycin or 
p'Chlorhexidinc arc also suspected to 
I? be ototoxic. All ear-drops should, 
V therefore, be screened for ototoxicity 
■^before marketing, 
j Chloramphenicol therapy may 
1‘^ause retinal bleeding, alterations in 
^||K5rceptions of colou*‘s, and inflam- 
=;|^ation and lesions of optic nerve 
'[C;|optic neuritis). Vitamin B deficiency 
known to aggravate the situation, 
fjirith more nerves being affected, 
^|jeven those of the legs, leading to 
Hwiralysis. All this, of course after 


tibiotic production 

[^prolonged courses of treatment with 
'j;ichloramphcnicol. 

t However, the most serious compli- 
l^^ication due to widespread and indis- 
I’^criminate chloramphenicol use is the 
;A:|a$t developing chloramphenicol re- 
f^nslance in Salamonella typhU which 
.causes typhoid, in several countries. 
Il'Tliis may eventually lead to the 
r| selection of R-factors (sec p.24) 
i'^ding for resistance to chloram- 
^J^henicol and thiamphcnicol, in addi¬ 
tion to resistance to other antibiotics. 
;it^hcn we will be left with no antibio- 
irtlcs to combat typhoid. 

Lincomycins and its scmi-synthctic 
inalogue, clindamycin, (7- 
l^lorolincomycin) were fairlv popu- 
as effective alternatives to peni- 
L^iCillins, especially in known cases of 

r nicillin allergv or resistance. Later, 
was observea that patients rcceiv- 
|,tng these antibiotics developed sud 
|den bouts of diarrhoea preceded by 
^*acute abdominal cramps (colitis). 
?ince the cdlitis intensity varied, it 
inferred that these gastrodisor- 
|dt;rs were not a constant side- 


effect of iinoimvdn. Lfiiu^bl^cin is to 
be used carefully, especially in case 
of acne, where it is freouently advo¬ 
cated by beauticians. Heart failure 
(cardiac arrest) is known to occur 
with high doses. Fosfomycin (1-Cis- 
1,2-apoxypropyl phosphoric acid cal* 
cium or sodium salt), which is effec¬ 
tive against many infections (urinary 
tract, respiratory tract and even sur¬ 
gical infections), has many side- 
effects like disturbances of the gas¬ 
trointestinal tract, diarrhoea, and 
temporary increase in levels of serum 
and other enzymes, leading to rash 
and disturbed vision. 

Spectinomycin. is an eminocyclitol 
antibiotic, lacking the broad toxico¬ 
logical spectrum of aminoglycosides. 
It is tolerated well in treatment of* 
gonorrhoea. However, when given 
intramuscularly and in very high 
doses (two grams x four times daily), 
pain and other complications may 
ensue. Till now, no other adverse 
effects have been reported. 

Local external use of systemically 
active antibiotics is a bad practice. 
Though penicillin skin ointment has 
been withdrawn, other antibiotics are 
still sold for local use on the skin. 
Abuse of this type can lead to local 
skin allergy and also the emergence 
of resistant strains of bacteria. 


Antibiotic combinations 

There are well-known rational 
antibiotic combinations such as peni- 
cillin-streptomycin, ampicillin- 
cloxacillin, ^ ampicillin-gentamicin 
and gentamicin-carbenecillin. Hand¬ 
ling of these combinations requires 
specialised knowledge. It is too un-. 
wise to use antibiotic combinations* 
freely without knowing the organ¬ 
isms involved. Dangerous strains 
which are resistant to all the well- 
known antibiotics may emerge. The 
patient may then be rendered de¬ 
fenceless. 

The use of unapproved antibiotic 
combinations are also many. Exam¬ 
ples include penicillin plus tetracy¬ 
cline, kanamycin plus gentamicin, 
etc. In the forifiej combination, the 
inhibition of bacterial growth and 
metabolism produced by tetracycline 
renders penicillin inefficacious as 
'penicillin acts only on growing bac¬ 
teria. In the latter combination, the 
two drugs have dangerous additive 
side-effects on the kidney and the 
internal car. Both, renal damage as 
well as deafness can result. 

When a large number of powerful 
antibiotics are used as in the case of 
diarrhoeas in children,the intestine is 
literally cleaned of both the *good' as 
well as the 'bad* bacteria. This leads 
to superinfection. Yeasts, fungi and 


usually given antibiotics, ap^ar in 
the intestine. Thus, in many cases, 
the initial problem, for which treat¬ 
ment was given, gets aggravated. For 
most of the diarrhoeas in children,' 
early oral.rehydration therapy with 
glucose water, salt and soda bicarb is 
more than adequate. Unfortunate: 
ly, panic reaction on the part of the 
patient’s parents as well as the doctor 
causes the latter to reach out for 
powerful antibiotics first. It should 
be remembered that the gut also has 
‘friendly* bacteria which synthesise 
certain vitamins such as B12. For 
instance, vitamin K deficiency can 
occur with antibiotic use. The normal 
ecology of the bacterial flora of the 
gut can be badly disturbed by indis¬ 
criminate broad-spectrum therapy of 
diarrhoeas. Pregnant women should 
be particlilarly carefulof taking pow¬ 
erful antibiotics like tetracycline, 
gentamicin, chloramphenicol, etc as 
they may damage the growing tissues 
of the foetus. 

Antibiotics are truly double-edged 
weapons. Their misuse has indeed 
given modern medicine a bad name. 
One of the problems in developing 
countries like India is that antibiotics 
can be prescribed by doctors from 
other disciplines of medicine such as 
Ayurveda, Homeopathy and Unan(. 
There is not enough control over 
their sale and use. Indiscriminate use 
of antibiotics by those who are not 
supposed to be qualified in the so- 
called allopathic system of medicine 
should also be discouraged. The 
euphoria of modern medicine should 
not lead to its own nemesis. Iatroge¬ 
nic disease (physician-induced dis¬ 
ease) need not be added to the ills of 
mankind. Do we have enough disci¬ 
pline in ourselves to use these power¬ 
ful antibiotics in limited situations? 

The educated citizen can be a 
strong force in the control of antibio¬ 
tic abuse. It is well to remember that 
our Pyrrhic victories over small 
groups of organisms will not solve the 
problem, they may even aggravate it. 
The total number of bacteria in this 
world vastly outnumbers man. 
Maintenance of the ecological ba¬ 
lance requires a rare wisdom not 
necessarily found in the commerce of 
medicine. 


Dr. Nair is an honorary 
cardiologist at Jaalok 
Hospital. Bombay. He 
was earlier aaaociated 
with K. E. M. Hospital, 

Bombay where ne held 
the post of 
Professor-Director of Medicine. He is the 
President of the Cardiological Society of 
India. 
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mothcrai^utic ageiits are discovered, 
produced and marketed to combat 
the development of bacterial resist¬ 
ance. Are antibiotics in our country 
marketed and promoted after consid¬ 
ering this problem? Are they based 
on the actual necessities and require¬ 
ments of the ailing people? A study 
of the marketing ana sales promotion 
methods for antibiotics used by the 
drug firms will prove the contrary. 

In the 1950s, five multinational 
drug companies entered the Indian 
antibiotic market with their sophisti¬ 
cated and aggressive marketing 
strategies. These companies were: 
Wizer, Squibb in collaboration with 
Sarabhai Chemicals, Glaxo Labor¬ 
atories, Cyanamid and Parke-Davis. 
While Glaxo, Squibb and Pfizer con¬ 
centrated on penicillin and strep¬ 
tomycin, Parke-Davis started with 
chloramphenicol and Cyanamid with 
tetracycline. 

The marketing strategies adopted 
by Squibb, Pfizer and Glaxo prom¬ 
oted combinations of penicillin and 
streptomycin for all indications, 
irrespective of their specifleity—a blind¬ 
fold therapy which ignores toxicity, 
side-effects and bacterial resistance. 
Subsequently, dihydro-streptomycin 
and its combinations were found to 
have serious toxic effects and were 
banned. Meanwhile, the combina- 

ANTtmOTiCS 


peniciflifi was captured by Squibb 
and Pfizer. Even chloramphenicol, 
which was initially being promoted 
for specific indications, was later 
promoted for other indications, in- 
order to outbeat competitors. 

Gradually, these manufacturers 
also entered the field of broad- 
spectrum antibiotics like tetracycline 
and its derivatives. A competition 
developed between Pfizer and 
Cyanamid. Squibb and other com¬ 
panies followed suit. Pfizer found it 
more profitable to sell tetracycline 
than the penicillin-streptomycin com¬ 
bination. Sarabhai and Alembic con¬ 
tinued to concentrate on penicillin 
and streptomycin and their combina¬ 
tions. 

In the sixties, the tetracycline mar¬ 
ket started developing rapidly be¬ 
cause of the aggressive marketing 
strategies of Pfizer, Cyanamid,* 
Squibb, Hoechst and others. Pfizer 
soon established a firm grip on the 
market. To outbeat competitors, 
Hoechst came out with ‘Tlostacy- 
cline 5(K) * and claimed that its pro¬ 
duct had the advantage of a 12- 
hourly dosage over others who re¬ 
commended a 6-hourly dosage. With 
this slogan, Hostacycline became an 
overnight success. Cyanamid then 
came up with Ledermycin 3(K) mg, 
also to be used twice a day, and 
rapidly expanded its market. 


Jiarabimi-Squtbb did not .wnnt >0i 
lag behind either. It invented i 
new formula. It claimed that 
racycline and chloramphenicol withr^ 
vitamin-C give better result«.| 
Sarabhai makes bulk vitamin-C ail^| 
therefore, its interest in this prodtid^ 
was obvious. Originall 
Mysteclin V, a combination of tetr!l 
racycline and an antifungal, nystg^i 
tine, had been marketed. The com-f| 
pany had claimed that broad^l 
spectrum antibiotics like tetracycltnl^| 
cause overgrowth of the fungus 
didu albicans. Nystatine, being anti^ 
fungal, helps prevent the overgrowt||| 
of this fungus. But nystatine had ti^ 
be imported, and there were impe^.’ 
restrictions. Sarabhai had to seari^K 
for another slogan for marketing it^ 
tetracycline. As a result, Rcsteclm, 
combination of tetracycline and vila^ 
min-(’ was introduced. Latef^: 
Sarabhai introduced oqe more coni^l 
bination of tetracycline and anothef^ 
antifungal, umphoterin-B under 
name Mysteclin V (improved formil^ 
la). When marketing Restecliii^l 
Sarabhai did not seem to be 
cerned at all about the overgrowth ol| 
Candida albicans. But while marketf| 
ing Mysteclin V—improved formulil 
(nobody knows how the import rjWgl 
triction on nystatine and switching^ 
over to amphoterin-B under this coiilfl 
pulsion improved the formula)J 
Sarabhai was very concerned winil 


THE SELLING 
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J. S. Majumdar 

The production and sale of antibiotics are not 
related to the actual needs of the people, but to the 
need to comer huge profits 







the overgrowth of fungus but 
pletely forgot the role of vitamin-Cs 
w'iih letracycline. rhey are now hap<*? 
pily marketing both the products; f 

Meanwhile, Abbott Laboratoriesi 
entered the antibiotics market with i 
erythromycin. Recently, however,fj 
the company found it less profitablb'"^ 
to produce erythromycin and re-j 
turned the letter of intent to the ,^ 
government. Consequently, tfic-jj! 
market for erythromycin is shrinking;^;! 
and other antibiotics are taking over. / 
Obviously, the demand and sale of; 
erythromycin do not seem to depend ^ 
on the necessities and actual require- : 
ments of the drug. 

In the seventies, newer antibiotics 
and other antimicrobials were intro¬ 
duced. Gentamicin by C. E. Fulford 
(better known as US Schcring) was 
followed by co-trimoxazole intro¬ 
duced simultaneously by Roche and ! 
Burroughs Wellcome by an inter¬ 
national agreement. But the gov¬ 
ernment’s drug policy (in 1970) put ; 
some restrictions on the mul¬ 
tinationals. As a result, Indian firms, 
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private ftifd ptfblte/a^ 
^market with new antibiotics like 
Ificphalosporin, amoxycillin, dox- 
^;ycycline« cloxacillin, etc. But their 
t marketing strategy is no match for the 
I sophisticated anii aggressive mar- 
[keting strategy of the multinationals. 
Therefore, the newer indigenous 
^ antibiotics are selling in the market 
more on an ad hoc basis and without a 
brand leader. And the public sector texlay 
has a negligible share in the antibh>tic^ 
trade. 

Streptomycin-penicillin com¬ 
binations still account for a large 
share. The market share of other 
antibiotics, including 
chemotherapeutic agents (except 
narrow-spectrum antibiotics like 
penicillin and streptomycin), in 1979 
was—tetracycline 45.5 per cent, 
i ampicillin 12.8 per cent, co- 
trimoxazolc 14.9 per cent and gen¬ 
tamicin, erythromycin and others 
; 25.8 per cent. The old formulations 
=>^are still going strong. Among other- 
antibiotics, the multinationals control 
the lion's share, leaving only a small 
fraction for the Indian sector with the 
newer antibiotics. So much then for 
the claim that it is the development of 
bacterial resistance to antibiotics that 
.has necessitated the introduction of 
new antibiotics. 


Pricing strategies 

^ The pricing strategies ol the* mul¬ 
tinationals shows the profitability of 
their products. With the drug price 
■conlror order (dpco), 1970, the 
prices of tetracycline and ehlor- 
jamphcnicol were cut by half. The 
price of tetracycline was turthcr 
reduced later. Yet, the multinational 
' drug firms found that they could earn 
I huge profits m leiracyline. lei- 
; racycline, therefore, remained the 
: first item in their promotional plan. 

■ The pricing of tetracycline multi-dose 
vials exposes the break-ncck com- 

f )ciition and the wide margin of pro- 
its. The ten ml vial of Terramycin IM 
■ (the multi-dose vial of oxytelraeyclinc 
500 mg marketed by Pfizer), which 
i' cost mine than Rs. U) per vial before 
;‘J97(), was sold around Rs. 5.00 per 
i vial following the DPCO. tven then, 
(Pfizer found substantial profit in this 
I product and geared all its prom- 
.(olional activities to capture a huge 
(market. 

Sarabhai and others were 
I keenly watching the expansion of the 
: .market foi l erramycin IM vialsand its 
I ^profitability. Sarabhai introduced a 
l i^imilar product—Oxystcclin. A fierce 
I'Compeiition ensued. Pfizer introduced 
i ^an incenti\e scheme ol .'^0 vials free for 
Ijthc purchase ol cver\ 100 \ials. 

Sarabhai followed with The same offer 
UtmmcdiatcK on introducing the drug. 
iOlhers loo joined the fray. A ten ml 
JTcrraniycin IM vial now costs Rs. 3.22. 


f^izer ako introduced a tovei 
scheme of ‘‘Poor Patients Sampling*'. 
Under this scheme, huge quantities of 
ten ml Terramycin IM vials arc given 
as samples. Sarabhai and other com¬ 
panies soon followed suit. Sarabhai 
introduced a 20 ml vial of oxy- 
tctracycline under the generic name 
costing Rs. 4.05 per vial declaring, in 
addition, a ten per cent bonus oner. 
The same product, under the brand 
name Oxystcclin, continues to cost 
Rs. 3.23 for the ten ml vial. In a spe¬ 
cial campaign for Acromycin IM, 
C'ynamid declared still more lucrative 
incentives, like 48 vials free for the 
purchase of every 52 vials! Alembic 
offered a stainless steel utensils 
scheme for purchasers of Alcycline 
vials. Other manufacturers offered 
suit eases. 

While introducing an antibiotic, a 
multinational company keeps the 
retail price of its product under a 
brand name phenomenally high. It 
refuses to bring down the prices till it 
is compelled to compete with the 
same product marketed by another 
company under its generic name. A 
glaring example is Garamyein mar¬ 
keted by C. E. Fulford. Gentamicin 
sulphate 80 mg, under the brand 
name Garamyein, was introduced by 
the company in 1969. Everv vial at 
that time cost about Rs. 35. This was 
brought down to Rs. 28.77 per vial in 
1976. However, when it begun to face 
competition from the Indian sector 
and the product became available 
under the generic name, the price of 
Garamyein was brought down sharplv 
to Rs. 11.41 per vial. 1'his price is still 
the highest amongst all other brands 
of the same product. Hindustan 
Antibiotics Ltd, a public sector 
undertaking, offers a special rate of 
Rs. 5.80 per vial of this product for 
hospitals, though the general market 
rate for a vial of IIAL Gentamicin is 
Rs. 9.80. 

It is these huge margins, and not the 
safety and clfcctiviiy ol drugs which 
lie behind the sales drive of the mul¬ 
tinationals. riicv decide what anti¬ 
biotic is to be uschI, and when they do, 
they can expand the market whenever 
they like. For instance, Cyanamid, the 
US multinational, did not give much 
emphasis on the sale of Ledcrmycin 
during 1975 to 1978. However, in 
1980-81, the company decided to 
promote the product as the first prior¬ 
ity item and make up the loss in the 
sales turnover of the company due to 
the withdrawal of products like 
Acromvein,, Ledermvein drops and 
svrup, Delphicol, Ledcikin, etc. And 
the company succeeded in increasing 
Ledermvein sales bv 30 per cent in 
1980-8 f. 

Over the years, the situation, if any¬ 
thing, is gening worse. When more 
and more information is piling up 
about drug resistance and side-effects, 
many companies arc now dispensing 


with thd pr^dtice br packaging refev- ^ 
ant information along with their pro¬ 
ducts. In their sales drive, visual aids 
and tailor-made detailing folders are 
taking the place of detailed infor¬ 
mation sheets on side-effects, toxic¬ 
ity, contra-indications, etc. Claims are 
supported by clinical trial reports pub¬ 
lished in various parts of the world but 
medical journals show' that this often 
does not take into account the ongo¬ 
ing nature of the work or the con¬ 
flicting findings in other trials. 

Antibiotics arc often promoted for 
use in post-operative conditions as 
proper hygienic conditions arc not 
available in most hospitals, nursing 
homes and clinics. Today antibiotics 
are routinely administered even when 
unnecessary. A general line of selling 
is that, since detailed pathological 
investigations arc not feasible in 
routine day-to-day iherapv, anti¬ 
biotics offer an easy substftute for 
careful diagnosis. 1’his has sinister 
implications in rural areas. 

Another dangerous trend is to 
promote antibiotics among unqual¬ 
ified persons in rural areas. Urug 
companies encourage unqualified 
persons to use their antibiotics indis¬ 
criminately. They arc \isiled regularlv 
and given short-term lessons h\ these 
companies about the use ot antibiotics 
with .scantv attention to the hazards 
involved. And to bypass ihe law, these 
unqualified persons arc oticn men¬ 
tioned as doctors with an - RMP 


(Registered Medical Practitioner) lag 
for qualification. 

rhe lad is, there is no firm anti¬ 
biotics policy m the coiinlrv. The drug 
manufactiiiers. particularfv the mul¬ 
tinationals, decide and dictate the 
antibiotic market and the usage of 
antibiotics. They lake serious objec¬ 
tion and do everything to resist any 
attempt for an institutionalised 
approach in the production, mar¬ 
keting and use of antibiotics. And 
they take full ad\anlage of Ihe per- 
si)naliscd approach in treatment 
by medical praditioneis. 

Many antibiotics often promoted 
by Ihe drug manutacturers. par- 
ticularlv the multinationals, have 
been found to be banned in the eoiin- 
ines ot then origin. Profits, alter all, 
must come before people's health, 
esneeially if they happen to be a Third 
Wiirld people. Our anlibioiies poliev 
has so tai left the matter in the liancfs 
of these very companies. I he only 
alternative is to have an institiilionaf- 
ised approach based on a clear and 
firm antibiotics policy. 


Mr. Majumdar is the General Secretary of 
the All India Chemical and Pharmaceutical 
Employees' Federation and also of the Fed¬ 
eration of Medical Representatives' Associ¬ 
ations of India. He represented the Indian 
pharmaceutical workers m the International 
Conferences of Trade Unions several times 
and is a member of the Preparatory Com¬ 
mittee for the World Conference against 
Transnational Pharmaceutical Companies 
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.ROUND-UP OF RESEARCH V ^: 


Soon, a leprosy vaccine? 


Despite remarkable advances in vaccine 
production technology, there still re¬ 
mains, particularly in the tropics, a num¬ 
ber of infectious endemic diseases against 
which no useful vaccine is available. 
Prominent among these is leprosy. It is 
possible that the attempts at developing a 
vaccine for control of leprosy had not 
acquired momentum since it is not a fatal 
disease. However, it is a crippling and 
disfiguring disease making the affected 
person a virtual outcast. In the past, 
powerful drugs like dapsone or rifamydn 
were able to bring about a satisfactory 
cure. Recently, however, reports of 
emergence of drug-resistance have 
caused acute concern, and even the who 


has advocated serious efforts at develop¬ 
ing an efficacious vaccine. 

Such efforts arc handicapped 
hy certain peculiar characteristic 
features of this disease. Only in the 
recent past it has become possible to 
cultivate Mycobacterium leprae, the 
causative organism for leprosy, first by 
growing it in the foot pads of mice and 
later in nine-handed armadillo. However, 
these procedures do not provide M, leprae 
in adequate amounts for producing a 
vaedne. Also it*s overt manifestation 
present^a wide spectrum spread between 
the two polar forms of tuberculoid (Ti ) 
and the lepromatous (LL) leprosy. This 
s|x;ctrum als.) correlates well with the 
status of immune response in these 
forms. The tuberculoid patient lacks 
humoral response to M. leprae but pos¬ 
sesses vigorous cell-mcdiatcd immunity 
(CMi), which is protective by keeping the 
bacillary load,in check. However, at 
times, a strong CMi can cause nerve 
damage leading to atrophy of the extre¬ 
mities. The lepromatous patient presents 
a mirror image of this immunological 
picture, but the CMi is virtually absent. 
Consequently, such a patient possesses 
large amounts of bacilli and thus poses 
the real danger of spreading the infec¬ 


tion. 


Unlike all the other vaccines, a poten¬ 
tial vaedne in the case of leprosy has 
thus, to perform this feat of selective 
induction of CMl. The recent report of the 
development of such bn anti-leprosy vac- 



The "outtaats*’—i/aa, some hope 


cine by M.G. Deo and C. V. Bapat of the 
Cancer Research Institute, Bombay and 
R. C. Chula walla and W. S. Bhatki of the 
Ackworth Leprosy Hospital, Bombay, 
(Indian Journal of Medical Research, 
74 164) suggests indeed that 

this requirement has been fulfilled. 

The significance of this development, 
which appears to be totally indigenous, 
lies in the use of radiation-killed ICRC 
badllus for the vaccine. This organism 
which belongs to the mycobacterium 
family, was isolated originally from the 
lepromatous nodule of a ll patient. It 
possesses the same morphological fea¬ 
tures and growth characteristics of M. 
leprae. Several laboratories have re¬ 
ported that antigenically also it is close to 
M, leprae The obvious advantage in 
using iCRC badllus is that it can easily be 
cultivated in the laboratory without 
change in its antigenic make up. This has 
been amply demonstrated by the authors, 
as it has been under continuous passage 
for the last twenty years. Consequently, 
adequate quantities for the vaccine pro¬ 
duction can be obtained. 

The present report is novel since it 
describes a human trial of the vaccine. It 
also provides information on two impor¬ 
tant aspects of efficacy of live vaccine. 
First, 50 per cent of Che vaccinated ll 
patients showed generation of CMI and 
the bacillary load, which is an indirect 
measure of the infective potential of 
these patients, was substantially reduced. 
Second, over a period of 15 months no 
untoward or toxic side effects have been 
observed. 


Tinkering with 
nitrogen-fixing 
genes 

Oni- of the major hot-spots in biological 
research today is to evolve non- 
Icguminous cultivars—(cultivated 
varieties) such as rice, corn, wheat, etc 
which can utilise atmospheric nitiogen in 
a similar way as the leguminous crops 
(soyabeans, beans, etc), The majoi strate¬ 
gics include (i) discovciing new microoi- 
ganisms which can fix atmospheric nit¬ 
iogen in close association with iheiroois 
of cereals; (ii) developing organijjms that 
can fix atmospheric nitrogen which can 
then be utilised by the crop; (iii) transfer¬ 
ring nitrogen-fixing ( nif) genes that 
control the synthesis of nitrogenase en¬ 
zyme to non-leguminous crops by recom- 
binani dna techniques; and (iv) evolving 
strains of Rhizohia (a group symbiotic 
bacteria which fix atmospheric nitrogen 
in close association with the roots of 


It might be argued that, since 
vaccine has been used in leprosy patieitC^^ 
who have not only been exposed, bii^; i 
fiiUy affected by the infection, the proGe*\^ 
dure does not constitute vaccination but,;; 
rather immunomodulation. But, normut t 
healthy individuals also possess an inhoryi 
rent natural resistance to leprosy andj.^ 
even among contacts fully 80 per oeoU| 
have adequate CMI. Further, this prooe*'!^ 
dure would lead, as claimed, to a sizable^; 
reduction in the infective populatioiH-^ 
thereby enabling control of the spread of 
infection. In this regard the use of the ^ 
vaccine should be considered preventive.,; 

Notwithstanding these promising fea* ^ 
tures, the present report on the vaccine ; 
should be considered only as a first step, ^ 
albeit in the right direction. There should j 
be no euphoric shouts of an ultimate v 
remedy. The number of patients tested 'j 
would have to be increased to statistical;; 
.levels, preferably in a multicentric trial. ^ 
A vigilant watch would have to be kept 
for a longer period on the toxic effects if ' 
any, and the success rate is still only 50 ; 
per cent. i 

These observations, still make it temp- : 
ting to speculate that perhaps the use of 
more than one mycobacterial strain in the' l 
term of a polyvaccine could generate J 
strong CMI The Mycobacterium w, \ 
being tried out by the group at All-India i 
Institute of Medical Sciences led by Frof^'" 
Talwar could perhaps be a useful candi*^; 
date for this purpose. 

G.P. PHONDKE ;i 

Dr. Phondke is Head, Radiobioiogy and, i 
Occupational Health Section, Medical Divi-. ’ 
Sion, BARC, Bombay 


different leguminous species) which can , 
riodulatc uiul tix nitrogen in u wide range. 
of crop plants. y 

During recent years the mf gen6* ] 
complex (comprising 17 structural genes) j 
has been mapped, and a large number of ; 
plasmids, (autonomous, self-replicating 
pieces of bacterial dna) carrying the nif ) 
genes have been constructed. But there 
arc problems associated with the express-. 
ion of nif genes in the cellular environ¬ 
ment of recipient organisms. I'herefore. 
regulation antj expression of these genes 
in their native environment is being ! 
studied. 

It had been demonstrated earlier that 
the structural genes for the nitrogen- 
fixing enzyme (nitrogenase) from diffe¬ 
rent organisms, had considerable base 
sequence homology as revealed by mole- i 
cular hybridisation experiments. 

Recently, H. llennccke. {Nature 291, 
354) investigated the dna sequence 
homology between fragments of the nif \ 
gene complexes from K, pneumoniae and' 

Science Today. September 1981 Hi 



Tlie jediner of the future 
is flying right noiML 


One of the big growth sectors in the 
airline industry consists of long routes - 
more than 3000 miles - that receive only 
moderate passenger traffic. There's a 
simple reason^or tnis route grov^h. More 
and more, passengers want to fly straight 
to their destinations and not spend extra 
hours in airports, waiting for connecting 
flights. 

To meet this growing demand, airlines 
more and more need a jetliner with 
plane mile and seat mile costs low 
enough to enable it to operate profiubly 
over such routes. 

The chart tells the story. I n 19 75, about 
2 S% of all routes fell into that category. By 
1985, approximately 32% of all routes 
will be long and moderately traveled. 



Ttw right'die plane at 
the rig ht d m e. 

The fourth and newest member of 
Lockheed's L-IO11 TriStar family, the 
long-range L-1011-500, uniquely fills the 
need for a comfortable jetliner able to 
operate profitably on long and 
moderately traveled routes. 

It has three engines so that it can be 
certificated to fly over long stretches of 
ocean. Thanks to its slightly smaller size 
and advanced technology, it has plane 
mile costs 8 to 10% below those of its 
nearest competitor, according to a giant 
airline that chose the L-101V500. Big, 
four-engine jetliners, of course, cost a lot 
more to purchase and operate than three- 
engine jetliners. In fact, no big, long-range 
jetliner can match the L-1011 -500's 
combination of low plane mile and seat 
mile costs. And its wide cabin provides 
the roomy comfort that passengers 
demand on long flights. It's spacious 
enough to satisfy passengers and sized 
right to satisfy airlines. 

L-1011 liechnology: years ahead 
of other Jedhiers. 

Look at those long wings on the L-1011 
in the picture above. They've been 
stretched nine feet to help increase fuel 
efficiency. An exclusive system of Active 
Controls made this possible. (You'll find 


Active Controls on ietliners of the 
future, but now only the L-1011 has 
them.) 

The L-1011 also has the world's most 
advanced Flight Management System. 
This exclusive system automatically 
selects the best speed and power levels 
and then controls throttles in flight to 
conserve fuel. 

And the L-IOI1 is advanced in many 
other ways. It routinely lands at some 
airports, for example, in bad weather that 
turns other jetliners away. 

The $150 bHon market 

There is broad agreement among 
aerospace and financial communities that 
the market for new aircraft will range up 
to S 150 billion between now and 1990. 

Major growth lies ahead. 

Some of the new twin-engine jetliners 
will serve the short-and medium-length 
routes in that market. But only the long- 
range L-1011-500, with its exclusive, 
years-ahead technology, can meet the 
demands of one of the key growth sectors 
of that huge market 

If you're interested in opening up new, 
long-range routes, hadn't you better get 
interested in the right-size jetliner that 
gives you the competitive edge - the 
lowest combination of plane mile and 
seat mile costs? 
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R. japmkum using i^mVinant dna and 
tnolcculiir hybridisation technii)ues. The 
results conclusively proved that only two 
nif D and nif H) out of 17 Klebsiella nif 
genes shared common dna sequences 
with nif region of R» faponicum. It was 
also evident that the interspecies hybrid¬ 
isation seen earlier was based mainly on 
nif H and nif D homologies, implying 
divergence in dna sequences coding nit- 
rogenase complex in different organisms. 

To evolve Rhizohium species having a 
wide host-range, it is essential to investi¬ 
gate the genes involved in symbiosis and 
r(X)t nodulation. Genetic and biochemic¬ 
al studies on Rhizohium teffuminosur- 
um —a symbiont that nodulates peas and 
vetches (annual legumes) revealed that 
genes on a large plasmid arc involved in 
root nodulation. R. A. Schilperoort and 
his associates (Nature 291, 351) demons¬ 
trated that the genes on one particular 
plasmid-Sym of Rhizohium trifolii, deicr- 
mined host specificity, and controlled 
several steps leading to root nodulation 
and subsequent nitrogen fixation on clov¬ 
er roots. The genetic manoeuvers 
[adopted 1^’ the authors w^ere simple 
crossing (coniugation) experiments in¬ 
volving dillerent strains of R, le^ummo 
sarum, A^rohaaenum tumefadens anif 
R. trifolii I'hese contain the plasmid 
(pRtr.^a), which promotes its own trans¬ 
fer and carries symbiotic nitrogen-fixing 
genes. 

In one set of experiments the authors 
developed non-ni>dulatcd (Nod) strains 
sensitive to Kanarnycin (Km ). All these 
Km Nod strains had lost a plasmid of 
molecular weight ISO x Kf . When this 
pl.ismid was reintroduced into Km Nod 
strains by coniugation. the recipient 
strains became Nod (nodulated and cap¬ 
able of nitrogen fixation). These experi¬ 
ments clearly proved that pRtr5a plasmid 
controlled nodulation. In the second set 
of experiments the researchers intro¬ 
duced pRtr5a plasmid into several R, 
le^uminouiriim stiains which nodulated 
only peas and vetches, but not clovers. 
These recipient strains nodulated then 
specific hosts (peas and n etches), and 
clovers too. I lowever, when pRtr5a was 
transferred to a mutant of R le^umino 
sarum which does not ntrdulate peas and 
vetches, the recepient strains nodulateil 
clovers, but not peas and vetches. 'These 
results suggested that the plasmid pRtr5a 
contained gem.*s that determined host 
specificity. Earlier results of R. K. Pra- 
kash had revealed that Sym plasmid 
carried at least some of the nif structural 
gene>, w'hilst li. licnnecke had specu¬ 
lated that the plasmid PR J67b carrying 
/ii/ D, nifW and nif K of /?. iaponicum 
contained genes which coded for proteins 
of the symbiotic nitrogen-fixing appar¬ 
atus. 

In u third set of experiments, the 
authors have studied the expression of 
the plasmid pRtr5a in Agrohactcrium 
tumefadens. They introduced plasmid 


prtrSA of irlfolii into a A. tumefadens 
strain which was free of Ti plasmid (that 
carries genes for tumor induction). The 
A. tumefadens cells which had acquired 
the pRtr5A plasmid could not bring 
about proper nodulation. 

These results conclusively proved that 
Sym plasmid of R, trifolii carried genes 
that controlled not only host-specificity 
but also the processes involved in root 
nodulation. 

Still, there is a long way to converting a 
non-nitrogen fixing bacterium into a mt- 
rogen-fixing one. But genetically en¬ 
gineered hybrid plasmids caprying the 
requisite genes may perhaps solve many a 
problem, and also lead tt) gene transfer 
into eukaryotic systems. 

C. R. BABU 
N. C. JAIN 

Dr. Babu has been investigating the gene- 
tical and biochemical aspects of wild rela¬ 
tives of food legumes at the Department of 
Botany, University of Delhi, Delhi. Mr. Jain 
is a research student at the same depart¬ 
ment. 


Radio-carbon 
dating by 
infrared lasers 


SiNt'h 1947, when it was discovered In 
W. F. l.ibby and co-workers, radio¬ 
carbon dating has been a revolulionarv 
tool for estimating the age of materials 
containing carbon which have formed 
within the last 70,00(1 years. ( ' —the 
radioactive isotope of carbon—is formed 
in the atmosphere by the interaction of 
nitrogen (NO with neutrons produceil In 
cosmic rays. C " decays back into nitrogen 
14(N'*), through beta particle emissKm. 
with a half-life of 5,7.^0 years. The 
radioactive carbon along with stable car¬ 
bon C ' combines with the atmospheric 
oxygen to yield carbon dioxide (C 'Oo. 
‘Through photosynthesis, plants take in 
atmospheric C'T); and thus ladiocarbon 
becomes part of them. The same is the 
case for human beings and animals which 
take in plants as their food. Any decay in 
would be compensated by a tresh 
intake of C" from the atmosphere. This 
results in a equilibrium concenttalion ol 
C'\ if the production rate does not change, 
in the atmosphere as well as in all living 
vegetable tissues, animals and human 
beings. When a plant or an animal dies, 
there is no further addition of ('" to its tis¬ 
sues; and in fact, the amount of C" in them 
starts decreasing because of 
radioactive decay. Given the concentra¬ 
tion of C" when the organism died — 
which is the equilibrium concentration of 
in the atmosphere—the time elapsed 
after its death can be determined from a 


measurement of the C'VC' ratio ip the 
.sues. 

Conventional dating techniques mea^ 
sure the beta activity of dead carbon 
samples (bones, peat, charcoal etc) tO; 
determine the remaining C* concentra** 
tion and, hence, the sample’s age. Acen-v 
racy of measurement is generally limiteii 
by the tiny fraction of C'^ atoms which] 
disintegrate during the counting period«1 
for living materials there arc approiKH^ 
mately 15 disintegrations per minute petv 
gram of natural carbon. Clearly, a morOj 
sensitive method of radio-carbon datin^l^ 
would be to directly measure the 
remaining in the sample rather than 
measure the small number of disintegrar,; 
tions. 

l.aser-physicists. from McMaster Um-v 
versily. Canada, have recently reporlcdi 
one such direct method of datiTig| 
archaeological samples by using infrared' 
laser absorption spectrometer (I as) (Ap^i 
plied Physics 24 3SI). They first con-» 
verted the carinui sample into CO: and. 
then measured the absorption coeffiri 
cienls of the strong vibration-rotation! 
lines in the (v, - frequency) band b{: 
("T): near 4.5 microns. I'his would give Hi 
direct measure of the remaining C'con*'; 
centration. The band was chosen be-:i 
cause this is one of the strongest absorp¬ 
tion bands in the infrared of C*“0:. Aj 
combination of a tunable diode laser andj 
a multipass optical cell were used Uk 
achieve the required icsoliition and sensi-; 
livily They also show that the detection^ 
of C ‘O; at concentrations of C'/(''■ 
than or equal to 10' is not limited by- 
interferences from the background of 
normal CO; molecules, provided the gaS;; 
sample is cooled tt> div ice and the 
background subtraction technique is 
used. This laser technique would enable! 
samples as small as .i lew hundred mili-,j 
grams of carbon to be dated; this is notj 
possible with conventional counting tech-;] 
mque due to the statistical uncertainty iiij 
the number of counts, and the presence, 
of baekgiouiid radiation, lo be more 
specific, i AS can detect C'*' in samples, 
that decay once in every nine minutes with 
a sensitivity of five parts in 10". 

Recently, very impressive results on 
detection have been achieved using 
accelerators {Phvms Today, February 
1979, 23). Although this technique offers, 
a highly sl*nsilised detection of the C‘^ _ 
remaining in the sample, its use could be 
limited because of the expense and non¬ 
availability of accelerators. The las 
cannot compete in sensitivity with 
accelerator technique of radio-carbon 
dating, but it will be much less expensive. 
The LAS can also be used for the mcci- 
siiiemeiit of small abundances of other 
stable and radioactive isotopes. 

DHRUBA JYOTI BISWAS 

Mr. Biswas is with the Laser Section, 
Bhabha Atomic Research Centre, Bombay., 
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battle was fought in the plains of 
Tcho-Iuo between the Chinese 
emperor Hoang-Ti and a minor 
prince, Tchi-Yeau. The prince pro¬ 
duced a dense fog—the ancient 
equivalent to the modern smokes¬ 
creen—to confuse his enemy. The 
emperor was smarter. He put a small 
statue of a man, with one of its arms 
always pointing towards the south, 
on a chariot. With its help, the 
emperor’s army was able to pursue 
the retreating enemy. The prince was 
captured and put to death. 

The ancients knew the use of 
magnetic compass for navigation. 
They thought that the compass- 


hlWays pointed towards the 
Pole-star in the North. The modern 
scientists have gone a step ahead. 
They are using space technology to 
obtain the most accurate and up-to- 
date (juantitative description of the 
Earth s magnetic field to locate 
potential mineral and oil resources 
and to mark out earthquake- prone 
areas. 

The earth's magnetic field is unsteady 
and complex 

In 1601), William (lilberl. a physi¬ 
cian to Queen Elizabeth of England 
proclaimed that the globe of the Earth 
itself is a great magnet. Studies re¬ 
vealed that the Earth's magnetic field 


Mapping 

The Earth’s 

Magnetic 

Field 

B.P.Singh 

Space-borne magnetic surveys may help find new 
mineral resources and unravel the Earth's 
mysterious past 


The ground-based measurements of the 
magnetic field of the Earth taken by obser^ 
vatories such as the one at Alibag near 
Bombay, shown m Fig. 1 here, have been 
supplemented by measurements taken 
above the Earth's surface. Fig. 2 shows a 
magnetometer suspended from an aircraft. 
Air-borne field measurements, made gener 
ally at altitudes of 1 to 5 km, not only make 
the coverage of inaccessible areas feasible 
but are also more rapid and cheaper. But 
to map fields due to sources situated deep 


inside the Earth's crust whose effects 
cover larger surface areas, satellites orbit¬ 
ing the Earth about 200 km or higher are 
ideal. Fig. 3 shows a sketch of Magsat. The 
satellite's orbit was such that it gave full 
Earth coverage. Two star cameras helped 
very accurate determination of the attitude 
of. the satellite. The magnetometers were 
kept 6 m away with the help of an extended 
boom to protect them from the magnetic 
disturbance caused by the star cameras 


confaiitedl contributions froirii^ 
three sources. The main field couldi 
be described as similar to that pro¬ 
duced by a huge bar magnet, withiia^ 
centre near the centre of the Eartb; 
and with its axis lilted at an angle 
about 11" to the axis of the Earth’Sf^f 
rotation. The fielil strength is ab^^j 
twice as strong near the poles 
nT, nT= neno Tesla, 1 nT= 10 ' gausai]| 
as it is near the equator (30,000 nTJksiil 
This magnetic field is not exactly aI 
dipole field hut consists ot minut^f 
non-dipolc components. 

Though the Earth's magnetic field J 
is largely dipt>lar in nature, the two^ 
poles north and south are not fixed;,1 
rather, they keep shifting. If thetf^! 
positions are averaged over a lofi^^ 
span of time, say, a few ten thousand^! 
of years, they W(>uld coincide witfcj 
the Earth's north and south polcsv/; 
rhe dipole moment of the equivaicqtjj 
substitute magnet also keeps on| 
changing slowly with a maximum ral<?^ 
of about one per cent per year, These^ 
changes iiiiroduce variation in the.jJ 
liifection and strength of the magne-'; 
tic field at the Earth's surface. Tbi!jl‘| 
variation is called secular variation, 













fThe higher multipole moments also 
;jfrvary with time and the observed 
I'secular variation is the sum of changes 
f;|n all coihponents. 

Irv Superimposed on the Earth's main 
|{|na£netic field are ''magnetic anoma- 
—weak fields produced by matc- 
fiitials within the Earth's crust. It is 
I known that ferromagnetic materials, 
'^Buch as iron, lose their magnetisation 
|riabove a certain temperature known 
the Curie temperature of that 
f jmaterial. With increasing depth, the 
berth's temperature increases and 
Curie temperature is reached at a 
|!^depth of about 50 km. So the cause of 
Jillifi^etic anomalies is materials at 
^dhallower depths. The magnetisation 
i could be acquired through two 
pjways—induced and remanent. The 
»*{irst is magnetisation produced by the 
|;lllductive influence of the Earth's 
ii^^^jnumetic field, similar to the magneti- 
of an iron needle rubbed by a 
j> |nagnet; the second is residual, from 
lithe past history of formation of tht 
'.lock. The anomaly map prepared 
%om the Polar Orbiting Geophysical 
‘^Observatory (POGO) satellite data 
[jbeing scalar (only strength magni- 
l^de) in nature could not resolve 


between the two components. 
However, the Magnetic Field Satel¬ 
lite (Magsat) data which is vector (^th 
strength magnitude and direction) 
should be able to separate remanent 
and induced magnetisations. 

The third contributor to the 
Earth's magnetic field is the external 
current system. An envelope of 
charged particles (both positive and 
negative) surrounds the Earth. The 
lower end of this envelope, called the 
magnetosphere, is the ionosphere 
Due to the interaction of electro¬ 
magnetic radiation and charged par¬ 
ticles emitted from the Sun and the 
relative motion of the Earth, Sun and 
the Moon, a complex currrent system 
is generated in the magnetosphere 
and the ionosphere. The strength and 
location of these currents vary a great 
deal between magnetic quiet and 
disturbed periods which in turn 
depend upon the sunspot number. 

Retouroeturvsy 

The location of a geological struc¬ 
ture in resource survey is very much 
like locating the criminal in a detec¬ 
tive story. The overall exploration 
problem is to gather clues from va¬ 


rious kinds of measurements and to 
study them together to find the struc¬ 
ture common to all. The common 
geophysical exploration techniques 
are magnetic, gravity and seismic. 
They help in estimating different 
physical properties of subsurface 
materials. The first is dependent on 
permeability, defined as the ratio of 
the intensity of magnetisation and 
the applied magnetic field, the 
second on density and the third on 
elastic properties. Such diverse mea¬ 
surements give information on the 
geologic structure of interest. The 
point of interest, however, is that the 
three surveys do not cost the same 
and this factor largely guides the 
order in which they should be Under¬ 
taken. The cost ratios o^ magnetic, 
gravity and seismic survey are 
1:10:100. No doubt, results from 
seismic surveys are most definitive, 
but its huge cost prohibits it< use in 
reconnaissance work. Normally an 
explored region is first surveyed 
through magnetic field meas¬ 
urements. 

Around the world, a numba of 
land-based observatories situated, at 
selected sites—for exaniple* the 
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^•H)y«,«Aon««iv. om % >)»uitmm 
Mil* to fr nasMKm-anoiltalV f n90^nl^in 
side over the Himalayas.'prominent 
low magnetic anomaly region called Ben- 
gu/anomaly (marked A) is in central Africa. 
It ifi ABsoclated with a hude molten rock 
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Bangui anomaly seem to follow a huge rift 
which nearly sfMh apart Alpioil oyer-180 
million years ago.' ‘ ' . ■' ‘ 

The top of the mep shows a magnetic high 
(marked C) in the USSR. This area has a large 
quantity of strongly magnetic iron mineral 

known as maonatita 
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was back on Earth on 11 lund« 19$(X, 
Thou^ the US Geological Survey 
and NASA were the principal users m 
the Magsat data, other investigfllr 
tors from the USA» and e^ight doiin^ 
tries, including India, participated ilk 
the programme. The satellite altitude’ 
varied between 325 and 575 kiti; 
Besides measuring the strength of th^; 
field, it also measured its direction#; 
This directional characteristic of thd^ 
measurements made the data sent by; 
Magsat very useful for crustal 
studies. Other special features Of 
Magsat (Fig. 3) were: (i) a Sun-- 
synchronous dawn-to-dusk orbit to!' 
reduce ionospheric components ji| 
the measured field; (ii) star cameripl 
to accurately estimate the altituddll, 
and (iii) good altitude determination. , 
HOW are the space>horne magnetic 
field measurements deployed to lo«^ 
cate mineral deposits an^ to unravel' 
the Earth's mysterious past? The fint 
step in crustal studies using space- 
borne magnetic field measurements 
is lo isolate the component of crustal 
origin from total field measurements 
as the field measured by instruments 
on a satellite is a sum of the main, 
field arising from currents in the core 
of the Earth (or core field), the field 
arising from magnetised areas in lhe‘ 
crust (called anomalous field) and; 
the field arising from external' 
currents in the ionosphere and 
magnetosphere. A major problem' 
in this exercise arises from the 
fact that the measurements are 
being made from a fast-moving 


observatory at Alibag near Bombav 
(l ig.l)—eonliniiouslv measure the 
Earth's magnetic field. Since the 
early 17th century, seafarers have 
been preparing charts of the strength 
and direction of the magnetic field 
for better navigation. With the ad¬ 
vent of scIf-oricnting and direction- 
insensitive electronic ' magnetometers, 
magnetic surveys of inaccessi- 
blc regions could be carried out lri>m 
airplanes (Fig. 2). Airplane (aero- 
magnetic surveys) surveys arc lasier 
,han ground surveys. Aeromagnetic 
surveys are particularly important for 
oM-;>horc regions. Potential areas 
idenlified from magnetic methods 
are then studied in detail through 
gravity and seismic methods. Thus, 
the cost is considerably rcdiiced and 
the exploration work also speeds up. 

SatoHIte surveys 


s li o r! w a v e I e ii g t h , m e il i u m 
wavelength and long wavelength. 
The sliori wavelength is gencratc.d by 
magnetic materials on The very top 
surface of the crust, the medium 
wavelength from tnaterials at shallow' 
depths and the long wavelength com¬ 
ponent from deep-seated structures. 
The ground data contain 
contributions from all sources, the air¬ 
borne data contain only medium and 
long wavelength components and 
the .satellite data contain only the 
long wavelength component. In the 
context of exploration of resources at 
exploitable depths, the ground data 
offer the largest information content, 
and then air-borne data; for an exact 
calculation of the structure, the long 
and medium wavelength components 
from gnuind and hmg wavelength 
from aeromagnetic data must be sub¬ 
tracted. In that sense, results from 


spacecraft in a continually changing 
orbit. Another problem is the very 
nature of the Earth's magnetic field j 
which is in a state of perpetual,; j, 
disturbance arising from the comptex;4 
interaction of solar-wind particieSyil 
and the. Earth's magnetosphere* ^ 
Also, it becomes ditticuit to separate {i 
spatial variations from the temporal ' 
disturbances in data collected with A ri 
moving vehicle. ^ 

Slrengthwise, the main field is v 
abpur 40.000 nT. the crustal compos 
neiit and the components frt>m exter-* ^ 
nal currents arc of magnitude rancinglv 
from tens of nT to a few hundreds of, ' 
nT, depending upon time and spati^./,; 
position. In Magsat data the ionos- ■ 
pheric component is considered to be 
small as the satellite was placed in a 
Sun-synchronous dawn-to-dusk orbit, 
Only those days would be selected^ 
which were geomagnetically quiet 


The geo-magnctic survey with 
satellites began in I95S with the 
launch of Sputnik 3. It is important to 
distinguish between the signature of 
the crustal features (signal) in 
magnetic data collected from ground, 
air4x)rne and saie.llife-bornc surveys. 
The signal has thn-e aimponents— 


satellite observations when available 
tor the explored area make the 
results Irom ground or air-borne sur¬ 
veys more accurate and meaningful. 

A number of satellites measured 
the ncar-Earth magnetic field but 
with the launch of Magsat by nasa a 
new era was ushered in. Magsat wax 


—undisturbed by solar activity— 
thereby producing very small varia¬ 
tions due to external currents. After 
removal of core and external field 
contributions, the residual would give 
the anomalies. 

The global map of the distribution 
of magnetic anomalies between the 
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and 41. The map can be used to study 
. the magnetic properties of the larges- 
cale crustal regions of the Earth. 

^ Interesting features in the map can 
be picked up for more detailea stu¬ 
dies. Through a joint analysis of ano¬ 
malies in the magnetic field, gravity 
field, heat flow, etc and from the 
imagery of the crust, the geologically 
significant features of regions mea¬ 
sured in hundreds or even thousands 
of km can be known. Once zones 
are identified and characterised on a 
global basis, they should provide 
useful information regarding the 
dominant forces and movements that 
shape the Earth. Fhcy will also help 
delineate segments o\‘ the crust into 
resource provinces which will lead to 
an assessment of the mineral re¬ 
sources of a region or of a country. 

' So the most promising areas for 
future mineral exploration can be 
identified and it will be pos.sible to 
determine even the exploration 
strategies. 

The map shows that a steep rise 
and fall is a unique feature of the Indi¬ 
an region. This could be due to the fact 
that the region is still tectonically ac¬ 
tive. We notice a magnetic low over 
the Indian Ocean—being zero below 
the tip of the peninsula—attaining a 
maximum value over the peninsular 
region, again becoming zero near the 
Narmada-Son lineament. The 
Narmada-Son lineament runs from 
2J‘’N, 7r’E in the west'coast of India 
to Rajmahal Hills. Observations in- 
dicittc that it could be associated with 
a rift-likc structure buried deep under 
a thick layer of sediments. The con¬ 
tinuing cyclic variation becomes a 
low over the Himalayas, rhese pat¬ 
terns arc also present to a significant 
extent in gravity anomalies and suh- 
crustal stresses computcil for the Indi¬ 
an region. I'he fact that these pat¬ 
terns'are seen at satellite heights 
indicates their deep-seated origin and 
a modelling of these data may pro¬ 
vide some unigue information on the 
Structure of the Earth's interior below 
India and on geodynamic processes. It 
is well-established ru)w that tcclonic 
pnK.'esses that contribute to the dyna¬ 
mics of the Earth's crust (that is, plate 
, motion, earthquakes, volcan- 
ism, and mineral formations) are 
related to the processes that originate 
in the mantle and core 
Scientists from the Indian Institute 
of Geomagnetism are preparing a 
regional geomagnetic reference field 
1 and magnetic anomaly maps over 
India and its neighbouring areas with 
the help of Magsal data. They are 
also studying in detail the transient 
variations in the magnetic field. By 
j comparing magnetic data with grav- 
j ity data from Geos-3, Robert F. 
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Brammer of the USA is investigating 
Eastern Indian Ocean area. Igor I. 
Gil Pacca from Brazil is using Magsat 
data to study the structure, composi¬ 
tion and thermal state of the crust in 
Brazil. Recently huge diamond de¬ 
posits have been found in the Ama¬ 
zon h;:isin which unlike the diamond 
deposits in Africa arc not associated 
with a mineral called kimberlite. In 
Africa kimberlite is found exclusively 
in regions of low magnetic anoma¬ 
lies. It will be interesting to investi¬ 
gate the various combinations of 
geological i^aiiscs which arc resijonsi- 
blc for the formation of diamond 
deposits. Paolo Gasparini of Italy is 
calculating, tor the Mediterranean 
area, the depth of Curie temperature 
which indicates the depth of magne¬ 
tic crust Ixryond which, because of 
high temperature, all material is non¬ 
magnetic. He will relate it to areas of 
volcanic activity. Some of the magne¬ 
tic anomalies may be associated with 
regions having a thin magnetic crust 
from which heat flows out of the Earth's 
interior. 

An important mission objective t)f 
Magsat is to compute an accurate 
description of the Earth's main 
(core) field. This objective is as 
important as the crustal studies— 
basically because the accuracy of one 
depends upon the accuracy of the 
other. Devcionment of a good model 
for the main field will contribute to: 
(i) a more accurate magnetic field, 
which is often needed, in ground, sea 
or air-based magnetic surveys in 
geophysical prospecting, (ii) an accu¬ 
rate separation of the main field to 
isolate components originating from 
ionospheric or magnetospheric .cur¬ 
rent systems, and (iii) the study of the 


Fig.5. One of the sources 
of low magnetic anomaly 
could be a region 
experiencing intense 
platetectonicactivity. 
An example isthe 
Himalayas shown in this 
photo taken by Apollo 7 
spacecraft. This 
mountain range is 
supposed to have 
formedduetothe 
slamming of two huge 
crustai slabs of the Earth 


Earth's core and corc-mantle bound¬ 
ary. While previous Eociodatu were 
unable to give a good representation 
of the model field as the measure¬ 
ments were only scalar in nature, the 
Magsat. with vector measurements, 
will provide adequate data to de¬ 
velop a good model. 

The magnetic data have other uses 
also. For instance, thev can help study 
the question, is the’ Earth heading 
towards another magnetic field re¬ 
versal? 'file preliminary phase ol the 
analysis of Magsat data h\ R. A. 
Langal and his co-workers at the 
Goddard Space Flight Center 
(USA) showed the continuing de¬ 
crease of the strength ol the Earth's 
dipole magnetic field at a rate of 2.^ 
n I per year. If this rate of decrease 
continues, the Earth's 'Held would 
revci'sc in about 1,200 years. Wc do 
nrit know tJncntgh cither by labora¬ 
tory or theoretical experiments to 
forecast the change of the Fiarih's 
magnetic field. C'orc dynamics js 
complex, because it is unseen and 
speculative, because we can only 
imagine what happens there and 
perhaps it “attracts" us because we 
do not know it at all. 


Prof. Singh is with the In-1 
dian Institute of| 

Geomagnetism, Bom¬ 
bay. He did MSc from | 

Bihar University and < 

PhD from Queen's Uni¬ 
versity, Kingston, Cana¬ 
da. His main research in¬ 
terest isthe use of variations m geomagnetic 
field in studies ol the Earth's interior. 





IDEAS AND INVENirONS 


Fuel-rich pockets give more 
efficient spark-ignited engines 


TVIE sparkfignited petrol engines fitted on 
to most motor cars invariably have a lower 
thermal efficiency than diesel engines, 
which drops still lower when they run at 
partial loads (below 40 per cent of their 
rated power). The reason is the way they 
draw their fuel. The carburettor admits 
the air and fuel mixture and throttling it 
controls the power. The problem is that at 
partial loads the mixture put in has to be 
much richer in fuel for effective spark igni¬ 
tion. The lack of enough oxygen in the 
mixture means that part of the fuel is 
wasted because it does not burn. Charles 
Goodacrc, a British consulting engineer, 
has designed an engine which tries to take 
care of this problem with a separate com¬ 
bustion chamber—almost an external 
combustion engine {New Scientist, 89, 
1240,412). 

It is possible to work an engine at partial 
loads on a lean mixture if-we could some¬ 
how create a pocket of rich mixture 
enveloped by the lean mixture. The rich 
mixture pocket could then be ignited 
ensuring complete combustion of the 


entire mixture and a good thermal effi¬ 
ciency. The creation of such a 
heterogeneous pocket, technically called 
charge stratification, is quite easy in diesel 
engines. Diesel engines are compression 
ignited, that is, the air is compressed to 
such a degree that the compression itself is 
sufficient for ignition. In such engines 
pure fuel is injected and a fuel-rich pocket 
can easily be formed. Charge stratifi¬ 
cation, however, is not easy tor spark 
ignited petrol engines. Goodacre*s design 
tries to do just that. 

In the cylinder head casting, Goodacrc 
incorporates a spherical ciimbusiion 
chamber, a shape accepted as ideal for u 
combustion chamber. A sparking plug 
with a long central electrode sparks on to a 
bar made up of Nimonic 90 alloy and 
placed at the centre «)f the chamber. A 
short, broad passage connects the 
chamber to the cylinder. Fuel under pres¬ 
sure is injected through a nozzle with two 
holes and hits the bar and atomises. Air 
entering during the compression stroke 
sweeps the fuel mixture around the bar 



Spark plug 
electrode 



UpM 















NImonIc 90 bar 


Creating a fual-rlch zone with a separate combustion chamber increases efficiency. 
Qoodacre's design shown above has a separate combustion chamber (unshaded portion) 
connected to the cylinder head. Air entering during compreesion stroke (arrows) creates a 
vortex, which makes smaller fuel droplets fly outward, creating a fuel-rich pocket near the 
ignition spark, ensuring complete and efficient combustion even with lean mixtures 


Fuel injection is so timed that all the com* 1 
bustion is completed in the chamber. 

The air flowing around the bar and the* 
fuel injection system give rise to an “Eins-, 
lein vortex”. The larger droplets stay.! 
nearer the bar because of their higher^ 
weight and inertia while the smaller,! 
lighter droplets move away to the outside 
of the vortex. This creates just the fuel-, 
rich pocket needed for charge stratifk 
cation around the bar and the spark ignites, 
this pcKket. The flame burns radially out¬ 
ward but because the mixture is lean^; 
combustion is complete before it reaches! 
the chamber wall. The residual air forms a 
shell between the burnt fuel and the, 
chamber to minimise heat loss. 

Though much like a diesel engine, ^ 
Goodacrc"s design retains spark ignition. 
Also, unlike a diesel engine, the com-j 
bustion docs not continue into the cylin-: 
dcr. The passage from the chamber to the 
cylinder has, however, to be accurately 
designed. It has to be broad enough to 
allow sufficient air to flow through it dur¬ 
ing the compression stroke. If it is too long^ 
too much fuel is consumed, if too short the 
piston IS damaged by (he hot gas. 

Goodacre’s innovative design follows,in 
a long line of research on charge stratifi¬ 
cation starling way back in the 1930s. So. 
much work has gone into the basic design 
that the scope for innovation has nar¬ 
rowed considerably. In view of this, ' 
Goodficrc’s design is a good graft of some 
teatiircs of a diesel engine on a spark^ 
ignited petrol engine. 

Commercial application of Goodacre"s 
design on a large scale, however, is not 
likely, especially in India. Firstly the injec¬ 
tion equipment requited makes the engine i 
costlier. Secondly, ii fuel injection systems 
have to be used then why not go in for the 
lull diesel engine? It may be somewhat more 
bulky but its higher compression ratio will 
also give a higher thermal efficiency. 
Goodacrc's engine may find better use if, 
us he says, it can be run on a wide range of 
fuels from gasoline to diesel oil and even 
alcohols without adjustment of its tuel ^ 
injection system. 

There is, however, one possible area for 
which it may be worth considering in 
India. I'he manufacture of two-wheelers 
on the increase and two-wheeler petrol 
consumption will further strain scarce pet- 
lol supply. Cars arc likely to go diesel but 
(he two-wheelers cannot change to the 
bulky design. So. even with the design 
change and expense involved, the use of 
an efficient sparkfignited petrol engine in 
two-wheelers may be a point to consider. 

K. A. K. SUNDARAM 

Mr. Sundaram is Professor in the Mecha¬ 
nical Engineering Department at the Victor¬ 
ia Jubilee Technical Institute. Bombay. 
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Bullock cycle for increased spaed 


The speed of a conventional bullock cart 
is limited by the speed of the bullocks. 
Most design modifications suggested for 
the bullock cart have operated within this 
constraint. B. Shankar Sharma, of the Cost 
Engineers' and Procurers Association, 
Bombay, has now suggested a novel idea 
of a bullock-cycle, that does away with this 
limitation. 

Shankar Sharma's design, on his own 
admission, is at present a very rough one 
and purely hypothetical. His arrangement 
is much like a cycle-rickshaw with the bul¬ 
lock replacing the man. There are, how¬ 
ever, two pairs of pedals for each bullock. 
Each pair of front and rear wheels is pro¬ 
vided with pneumatic tyres. The buljock is 
lo be sup(K>rtcd by a scmi-cylindrical 
shaped seat with straps on one open edge 
to be lashed to the other open edge. 

Shankar Sharma mentions a braking 
lystem and steering mechanism but these 
ire not shown in the rough diagram. Pre¬ 
sumably they arc of conventionally avail¬ 
able design. He provides for unidirec¬ 
tional rotation of pedals corresponding to 
a forward motion of the carl. The pos- 
nibility of the animal’s hoof slipping from 
the pedal is taken care of by a housing. 
Dual purpose brakes arc also proposed 
which disengage the pedals from the 
transmission sy.stem when the brake is 
applied. This is to protect the animal from 
the load of sudden braking. 

Whether the idea will be feasible and 
what modifications arc needed for this are 
questions that can be answered only after 
deeper study and, above all, field trials of 
prototypes. The very first point, which will 
have to be investigated is whether the bul¬ 
lock can provide the required pedalling 
motion, and the ease wiih which it can be 
trained to do so. 

Apart from the problem of the bullock 
‘ adapting to the cycle, other technical limi¬ 




tations will have to be studied. Bullock 
carts are conventionally used for trans¬ 
porting heavy loads of up to 1,000 kg* 
(Shankar Sharma proposes a capacity of 
1,500 kg) at low speeds. Once the speed is 
increased, the tractive resistance will defi¬ 
nitely have to be taken into account. 
Unless it is lowered considerably, the load 
carrying capacity of the cart will be cur¬ 
tailed in almost the same proportion as the 
increase in speed. The terrain will also 
present problems. 

Perhaps, a cycle design along these lines 
may be more useful for the other crushing 
or lifting devices, like drawing water or 
extracting oil from seed, which Shankar 
Sharma mentions in passing. 

S. KRISHNAMOORTHY 
A. S. MENON 

Dr. Krishnamoorthyand Mr. Menon are both 
Professors in the Department of Mechanical 
Engineering, Victoria Jubilee Technical 
Institute. Bombay. 


Horse-powered minibus 

In tl|e bullock-cycle (see alongside), the 
btiliif^ pedals on and on, never coming in 
Gontect with the road. Philip Barnes of 
Msarch in Cambridgeshire, UK, now 
extracts energy from a horse which walks | 
on and on inside a minibus without even 
coming into contact with the road (Nfw 
Scientist, 91, 1262, 153). 

The minibus, which seats five and a 
driver besides the horse, has an end¬ 
less, free-running, looped, conveyor belt 
connected to a gear box and an alternator. 
The horse walks along on the con-^ 
veyor belt to charge the vehicle battery 
and the driver steers the vehicle. 

The details of the contraption include a 
thermometer under (he horse’s collar with 
the temperature displayed as a digital 
read-out on the minibus instrument panel 
to check ’’overheating” the horse. A mop 
connected to a manouverable pole can be 
waggled to start the engine. A food box 
mounted under the head allows the horse 
to “recharge” itself. And, of course, pas¬ 
sengers are protected, by two sloping 
panels that box in the horse. 

P. V. PARANJAPE 

Mr. Paranjape is on the editorial staff of 
SCIENCE Today. 
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Milestones in planetary physics 



The past decade has brought the solar 
system within the reach of experimental 
science, and planetary physics has moved 
from the realms of guesswork to those 
within solid physical foundation. Yet, the 
spectacular technological successes of the 
space missions and the high drama associ¬ 
ated with remote control, pin-point 
accuracy and split second timing have 
overshadowed the sdninfic achievements 
such that "it is passing almost unnoticed 
by the public at large". I'he gap between 
discoveries and public awareness is wide¬ 
ning with space missions becoming a 
loutine affair. I he Planets goes a long 
wav to bridge this gap. 

Written in a lucid style, the book covers, 
in historical perspective, the major mile¬ 
stones in planetary physics culminating in 
the most recent findings. It devotes a 
chapter each to the Moon, Mercury, 
Venus, Mars, Jupiter and Saturn and the 
outer planets with special chapters for the 
Apollo and Viking projects. Two-thirds of 
the book is devoted to the inner planets 
and rest'to the outer solar system. 'The 
author discusses the atmosphere, surface 
features, internal structure and astronom¬ 
ical statistics of each planet, illustrating 
the major points by pictures and sketches.- 
A chapter on minor planets—meteorites, 
asteroids and comet.s—and another on 
the synthesis of ideas give a rather com¬ 
plete view of the .solar system. This book 
thus makes informative reading both to 
people with general interest in our celest¬ 
ial neighbours and to students of planet¬ 
ary physics who want to have a quick 
glimpse of the solar system. 

I'he similarities observed gn the Moon, 
Mercury', Mars and Venus have brought to 
light the common links that existed in the 
inner solar system during the formative 
stages of these bodies. The Moon and the 
F.arth form the two end members of this 
sequence, and both these arc now the best 
understood of all. A comparative study of 
the inner planets indicates that the basic 
law of planetary evolution is governed, to 
a first degree, by the mass of the planet 
and volcanism, plate tectonics, and fre¬ 
quency of craters, etc indicate the extent 
of the planetary evolution. 

In spite of these superficial similarities, 
each planet is unique. Venus, the romantic 
queen of the solar system, is in fact as hot 
and unlivable as hell with rains of sul¬ 
phuric acid pouring on the red-hot rocks 
from the thick carbon dioxide clouds 
above. The high hopes of finding life on 
Mars or elsewhere have been frustrated, 
and Saturn has shown more rings than one 


cares to count. The discovery of pre-solar 
grains in a meteorite which fell in the 
jungles of Mexico tops them all and has 
brought into focus the possible mechan¬ 
ism by which the solar system formed. The 
book contains a vivid description of many 
of these ipiportant findings.. 

In.spite of the wealth of new findings 
described, the book has not been able to 
keep pace with the planetary exploration 
The chapters on Jupiter and, particularly, 
Saturn are out of date even as the book 
came out of the press. As a result of the 
Voyager fly-by of Saturn, the basic con¬ 
cepts of Saturn’s rings, its satellite dynam¬ 
ics and even the general perspective of the 
outer planets have changed. Two more 
satellites of Jupiter (there are now 16) and 
at least four of Saturn (now 15) have been 
discovered since the book was written. 
Further discoveries await the Voyager 2 
fly-by of Saturn in August 1981 and of the 
outer planets in the near future. Of course, 
the author expresses his awarenc.ss of 
these limitations, inherent in the rapidly 


advancing field of space exploration, and 
has done a good job of the material avai^ 
able when the lx)ok was being written. 
These drawbacks do not however limit the 
usefulness of the book significantly, as 
the 400 pages take one's imagination 
through the breadth of time and space. In 
general the book is a welaime addition 
and will .serve as an introductory work 
covering different aspects of planetary 
physics, chemistry, geology and 
meteorology. 

I'he discoveries of the past few years 
will certainly have a profound impact, not 
only on our ideas of the origin and evolu¬ 
tion of solar system but more importantly 
on human psychology and social 
behaviour in which "stars" and the 
unknown have played a key role. The 
book should go a long way in di.spelling 
myths about various objects in the solar 
system which are still popular, but which 
can now be replaced by scientific facts. 

N. BHANDARI 

Prof. Bhandari, whose major research 
interests have been meteorites and Moon 
rocks, is with the Physical Research 
Laboratory, Ahmedabad. 


Of management and engineering 




Tin concept of productivity—the organ¬ 
isation of men,materials, machincr\ and 
manugement to the best possible ad\an- 
tage to the society—is of comparalively 
recent origin. The a\^areness is that lliis 
idealisation he applied more and mine 
not only to the day-lo-da> industrial 
applications, but also lo anv long-limc 
proto-social planning. The book is a 
useful contribution to a complc.\ problem 
of social education and creation ot public 
awareness on the problems ol produc¬ 
tivity. 

Productivity, as the word implies, is a 
dynamic process in the sense that tlic 
controlling parameters change with nine 
and many other variables. The book 
deals with a number ot themes covering 
financial, engineering and human aspects 
and gives information about measures 
which arc ijicccplcd. In addition to the 
why's, a piospective eiitreprcncui or 
organiser seeks answers to the how's—he 
has to find answers in his own environ¬ 
ment. As one carefully glances through 
the contents, one finds a list of diversified 
topics from manugement science, like 
scales reulisution. profits management, 
maintenance, personnel management; 
from industrial engineering, like prixluc- 
tion, vu.!uc engineering; and from mun- 



agcmcnl philosophy things like- innova¬ 
tion. and perspectives of management. 
The presentation ol the subject is certain¬ 
ly very lucid and the author gives an 
appreciation of the difficulties experi¬ 
enced in taking management decisions. 
There are a number of non-Indian au¬ 
thors who have discussed these issues in a 
wide range of published literature. But 
here are other inlcrcsling features, like 
w.istc Tcdiiclion. tire control, industrial 
safety and other associated issues which 
will be bettei appreciated as productivity 
1 111 prove men t m ca s u res. 

The statistics given arc very live 
and effect producing. I'he discussions 
involve many aspects related to the che¬ 
mical industry, for instance, cement, 
fertiliser, caustic soda, sulphuric acid and 
rubber. The delineation made here to 
support many basic productivity concepts 
will be important for practising 
engineers. 

Although it appears to have been 
written with chemical engineering 'per¬ 
sonnel in mind, the hook could make 
very interesting reading for students and' 
research workers in applied economics as 
well. 

Y. K. DANGE 

Prof. Dange is with the Department of 
Mechanical Engineering, Indian Institute of 
Technology, Bombay. 
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ONCE 

WANTED BY 
OUTLAWS 

NOW 
ALSO BY 
IN-LAWS! 
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Blue canvas jeans, once 
only worn by the outlaws of 
the Wild West. By the scruffy, 
the ruff n' tuff machos whom 
even the Red Indians feared. 

Now what a change ! 

You don't have to be an 
outlaw. Walk into the heart 
of society in blue denim. Even 
your in-laws will be proud. 
Especially if you choose 
Wanted Jeans. 

• Denim, corduroy, drill, 
canvas, matty. 

A hit with their fiti 


|6 SpiENClE TOSAY.. SglTKMBfcH 1981 



AND POUCT IN CHIN A 

Baruch Boxer 

Most of China's environmental research is linked to specific economically important projects 


ll hcis been suggested that the 
longevity of C’hincsc civilisation can 
he attrihiited partially to sound en¬ 
vironmental practices. Systematically 
defined responsibilities and limita¬ 
tionin relations between man and 
nature were described as early as the 
first century n These notions pro¬ 
vided a natural philosophic rationale 
for environmental stewardship, 
which, despite some local and region¬ 
al abuses, picvailed through the cen¬ 
turies. Since China represents 
pel haps the most illurninatingexample 
1)1 the successful historical e>olulion 
ol workable strategies tor sustained 
proiluctivc use ol human and natural 
icsoiirces. am attempt to characte¬ 
rise present-day environmental acti¬ 
vities cannot overlook pre-modern 
contributions. 

liriefly. historical concern for the 
cnvironmcnl is rcllected in the 
( hinese ecnius lor water manage¬ 
ment- their «ibilitytoconserve minute 
amounts ol moisuire and distribute 
large volumes ol water lor irrigation; 
in then energy budgeting and waste 
iccvcimg for maintaining the agiicul- 
tuial ecosvstcm; m their definition 
and application ol environmental and 
laiulscape planning principles (codi¬ 


fied in the /rng-v/i/n‘, or geomancy, 
locational bdief system): and in their 
use of cartographic and topographic 
analysis in the context of hydraulic 
engineering to conserve soil and 
water. 

Another unique approach to en¬ 
vironmental eonservalion can be 
seen in C hina's historical success in 
developing clusters of urban and 
rural communities that supported 
large populations while adequately 
maintaining ce<>Iogieal integiitv. 
Some ol C hina's most innovative and 
comprehensive post-1949 attempts to 
deal with pollution and environmen¬ 
tal management problems are built to 
some degree on traditional interests 
and skills. 

While Mao was not especially sen¬ 
sitive about the environment, his 
writings showed traces of the mllu- 
enee of Marx and hngels. who did 
anticipate some elements ol modern 
ecological theory, in his classic essav 
“On C'ontradiction", for example, 
Mao provided :i theoretical basis lor 
latei ideological endorsement ol en¬ 
vironmental protection eflorts. 

In C hina, environmental science 
has no clearly defined disciplinaiv 
foundation and is diffuse and unco- 



Air pollution from a coal-fired power plant at the Changchum (Jilin Province) motor vehicle 
plant. China's largest automative manufacturing establishment, the plant has a work force 
of 35,000. According to plant officials, precipitatora had been Installed in three of the stacks 
as of May 1980. (All photos in this article courtesy of Baruch BoxerV 


ordinated. It includes work in many 
areas of the physical and biological 
sciences, particularly chemistry; 
biomedicine, and theoretical and 
applied branches of engineering. 
Recognition of the discipline of *'en- 
vironmcnial science” and emphasis 
on environmental research are fairly 
recent phenomena. Until I97S. w'hen 
the first journal on environmental 
science. kexuc (Environ¬ 

mental Science), began publication 
in Beijing, pertinent information was 
sparse and scattered. 

Environmental policy 

China only recently recognised the 
need for a cohesive national environ¬ 
mental policy. This does not mean, 
however, that C hina was not taking 
measures that benefited the country's 
environment, but simply that all loo 
often environmental gains were by¬ 
products ol tUher goals and policies 
more tlirectjy related to ma jor nation-, 
al priorities. 

For the first two decades of the 
People's Republic, cnvironmenlal 
concern focused on improving the 
living conditions of the C hinese peo¬ 
ple. There were almost 'perpetual 
health campaigns—mobilisation of 
the masses to eliminate ''the four 
pests'* (iTies, mosquitoes, rats, and 
sparrows)—and educational cam¬ 
paigns regarding sanitation and safe 
methods of using human excrement 
as lertili/er. 

In the late I9b0s a major national 
campaign calling on the Chinese 
population to “transform wastes into 
treasures ' and to recycle and recover 
the “three wastes”—liouids, gases, and 
solids - was launched. This policy 
combined Mao's principles of self- 
reliance and frugality and at the same 
lime made environmental protection 
and eonservalion a concrete respon¬ 
sibility ot the “worker masses” 

Mao's policy of industrial and 
urban dispersion was primarily in¬ 
spired by; security concerns and eco¬ 
nomic and social considerations, but 
it also served environmental protec¬ 
tion objectives. since pollution is 
normally a direct reflection of pi)pu- 
lation dedkitics. By controlling the 
growth of major cities and building 
small rural industries, the Chinese 




lies had heen the ^mnikin 


Locally designed ion-exchange waste-water treatment system at liuang Ming elec¬ 
troplating factory in Shanghai. Flowers growing outside the plant are unaffected by the 
fumes associated with the process 


the less obvious but geographically 
more extensive degradation problems 
stemming from resource develop¬ 
ment. 

In 1974 H.Y. Yan identified five 
pollutant categories that should be 
studied: 

• industrial wastes such as sulphur diox¬ 
ide, hydn)gen fluoride, heavy metals, 
cyanide wastes from electroplating, 

anef^ foodstuff' manufacturing, and 
radioactive wastes; 

• oil and petroleum hydrocarbons; 

• toxic substances in pesticides, food 
additives, and other daily use and 
industrial items; 

• toxic products of naturally aged or 
transformed materials like rubber 
and plastics; 

• bacterial and viral organisms in 
domestic sewage. 

In 1979 research focused only on studies 
of natural cycles of ground- 
water, surveys of effluent quality, anal¬ 
yses ot drinking water and human 
blood for trace-element con¬ 
tamination, and catalytic reactor 
development. Chinese scientists are, 
however, becoming more sophis¬ 
ticated in both applied and process- 
related studies oi the causes and 
effects of pollution. 


Water pollution 

The major focus of China's 
environmental effort during the past 
decade has been (and undoubtedly 
will continue to be) the maintenance 
and improvement of water quality. 
Those industries in which the 
greatest attention has been paid to 
poflution control arc iron and siecL 
oil and petrochemicals, metallurgic¬ 
al, chemical fertiliser, plastics, synth¬ 
etic fibre, and paper and pulp. 

Some of the most effective appli¬ 
cations of research along these lines 
have been carried out since the early 
1970s by the Dalian Institute of 
Chemical Physics in coking and dyes¬ 
tuffs plants. The Haerbin Architec¬ 
tural Engineering College's Water 
Treatment Research Laboratory has 
applied methods for recovery of waste 
acid and ferrous sulphate, and used 
electrolysis, evaporation con¬ 
centration, and ionic exchange in 
treating waste water from metal fab¬ 
rication industries. 

For new iron-/ind steel¬ 
manufacturing facilities, there is some 
evidence of control systems being 
imported along with the plants, since 
Japanese manufacturers have sold 
steel mill drainage and disposal sys¬ 
tems to China, until 1976, however. 


te 

practice. 

The Dating oil field in Heilong¬ 
jiang province, China's largest^ is a 
good example of the integrated 
development of pollution control and 
material-recycling facilities in a com¬ 
plex of extractive and fabricating 
industries. Since the opening of the oil 
field in 1960, conservation and treat¬ 
ment of domestic and industrial waste- 
water have been co-ordinated. By the 
mid-1970s, 16 primary and secondary 
treatment plants were in operation, 
and it was reported that in the period 
1970-1976,500,000 tons of crude oil 
were recovered from refinery 
effluents. Processes for treating 
sulphur-containing refinery effluents 
included oxidation, the use of copper 
chloride as a catalyst for low con¬ 
centrations of sulphur, and steam 
stripping at high temperature and 
pressure, which permits recovery Of 
hydrogen sulphide and ammonia. 
Active carbon absorption purifiers 
have also been used to treat refinery 
effluents for recycling. 

Similar examples could be cited for 
the chemical, paper, and fertiliser 
industries. The most cost-effective 
and technically efficient examples of 
combined control and recycling 
shared two common feaiufcs: appli¬ 
cation in industrial settings close to 
research institutes or academic 
research units and application in new 
plants or plants rebuilt in connection 
with the development of integrated 
urban-industrial-agricultural com¬ 
plexes. H. F. Yang's work at the CAS 
Institute of Microbiology in applying 
sophisticated techniques to treating 
polyacrylonitrile wastewater from 
synthetic fibre plants is a noteworthy 
example of fruitful co-operation bet¬ 
ween laboratories and technologically 
advanced industry. 

Useful and environmentally relev¬ 
ant research has also been carried out 
on problems of quality maintenance 
in underground water storage 
schemes and in the design of water 
purification plants capable of dis¬ 
charging and treating effluents for 
agricultural use. 

Air pollution and wastes 

In contrast to water pollution, air 
pollution research has received rela¬ 
tively little attention in China. And 
yet because of the predominant use of 
coal for domestic and industrial pur¬ 
poses, urban air pollution is severe. 
Given China's limited capability for 
widespread installation of modern air 
pollution control devices, the pros¬ 
pects for reduction of unacceptably 
nigh levels of sulphur dioxide, nit¬ 
rogen dioxide, and particulates are 
poor. 

There is little evidence of any 
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Recycling container at the Changchun railroad car plant. The characters on the bin mean 
“steel scrap." Mao’s principles of self-reliance and frugality have long directed industrial 
workers to conserve and recycle on the Job. 


JA ijed. the'Oilttew'appK»a<*'5MiB* to 
; T,. • ' 1 on existing strengths without 

• y v. worrying about overlap and the prob« 

iems 01 theoretical communication 
^ and methodological inconsistency 
jilj^ “ ? - ^ associated with interdisciplinary work 

' as we know it. 

The only Chinese Academy of Sd-. 
ences (CAS) institute with an 
^ « * MjM environmental designation is the 

Institute of Environmental Chemistry 
I Beijing. Other CAS institutes that 

* ' sponsor research on environmental 

protection of control are the Institutes 
of Botany, Chemical Physics 
(Dalian), Entomology, Geochemis- 
try, Geography, Geology, Meteorol-. 
ogy, Microbiology, Plant Physiology, 
and Zoology. Some institutes, such as 
Geochemistry and Geography, have 
bureaus or departments specialising 
in environmental research. 

Environment-related work also 
takes place under the aegis of many 
institutes in the agricultural, engineer- 
acters on the bin mean technical medical, and Ufe 

ong directed industrial scenecs, and in the provincial-level 
environmental research institutes 
mentioned earlier. The Shenyang 


Environmental research 

As of the late 1970s. Chinese 
notions of the purposes and objec¬ 
tives of environmental science and 
technology reflected: 

• a continuing interest in comprehen¬ 
sive approaches to conservation 
and management of soil, water, 
mineral, and material resources: 

• concern for protection of natural 
areas and endangered plant and 
animal spedcies; 

• acknowledgment of the urgent 
need for scientific and technical 
work to ameliorate the harmful 
effects of industrialiilation on ecolo¬ 
gical systems and on human health; 
and, of course, 

• the application of Marxist ideas of 
the social and economic value of en¬ 
vironmental protection. 

Lnvironmental research is also seen 
as contributing to the rtation's ability 
to derive economic rewards from 
frugality in resource use during a 
period of rapid economic expansion. 

As has already been pointed out. 
many scientific disciplines touch on 
problems involving the study of en¬ 
vironmental processes or on the na¬ 
ture and effects of environmental 
changes on plants, animals, or man. 
It is difficult, however, to find refer¬ 
ences to common methodological or 
theoretical approaches that integrate 
disciplinary work into a coherent, 
preconceived “environmentaT' 
tramework. 

Since the early I97(ls, references to 
the mission and objectives of en¬ 
vironmental research and descrip¬ 
tions of work in various disciplines 


have made subtle but, in the Chinese 
context, important distinctions be¬ 
tween "protection of the environ¬ 
ment'' and "pollution control prob¬ 
lems." 

Generally speaking, the disciplines 
primarily supportive of "protection" 
objectives include plant and animal 
ecology, botany and geobotany, 
environmental geology, geography, 
hydraulic aYi4 civil engineering, and 
geochemistry. Those msciplines that 
are identified in the literature with 
what the Chinese call "control" 
objectives are hydrobiology, analy¬ 
tical (or pollution) chemistry, chem¬ 
ical engineering, microbiology, and 
soil science. 

Although public health improve¬ 
ment is frequently mentioned as an 
objective of environmental research, 
the environmental health sciences are 
not usually referred to in the scientific 
literature as environmental sciences 
per se. This is an important dis¬ 
tinction, especially with regard to the 
criteria employed in environmental 
standard setting. 

It is important to note, however, 
that environmental researchers seem 
to be encouraged to bridge the 
implicitly acknowledged 
"protection-control" dichotomy by 
pursuing research that explores new 
areas beyond accepted disciplinary 
boundaries. This has led to innovative 
work on moisture budgeting, water 
balance, composting efficiency, pes¬ 
ticide removal from soil and plants, 
and other problem areas, many of 
which build on traditional methods 
and technologies. This, is not to say 
that "interdisciplinary research"' in 
the Western sense is being cncour- 


Rescarch Institute of Industrial 
Hygiene, for example, has been con¬ 
ducting experiments since the mid- 
1960s to improve air quality in fac¬ 
tories. 

A 1978 article in the new journal* 
on environmental science implicitly dis¬ 
tinguished between environmental 
protection and pollution control. 
Environmental protection research 
assumes that man is only one element 
in the natural world, subordinate but 
not necessarily passive. It serves to 
illuminate the effects of landscape 
modification (such as water con¬ 
servation, land reclamation, mining, 
afforestation) on man's health and 
well-being. 

Environment, in this research con¬ 
text, is roughly equated with nature. 
The main emphasis lies in trying to 
understand, predict, and manage the 
social, health, and related physical 
and biological effects of large-scale 
engineering projects, such as the 
planned diversions of Chang Jiang 
(Yangtze) water to the north or the 
alteration of natural habitats in 
north-eastern and south-western 
China in connection with mineral 
exploration and exploitation and hyd¬ 
ropower generation. 

Research on pollution control, on 
the other hand, aims at management 
of problems arising directly from 
human activities, such as elimination 
or neutralisation of harmful sub¬ 
stances introduced into the envi¬ 
ronment. 

In general, it seems that China’s allo¬ 
cation of research support and per¬ 
sonnel for environmental science 
research reflects far greater concern 
with the short-term effects of local¬ 
ised air and water pollution than with 



evidciH^ ti) ttiut vhe‘ 

Ihcsi administrative integration of en¬ 
vironmental research and control 
exists in major industrial regions. In 
Jilin prt)vihcc. tor example, by¬ 
product recovery and multiple-use 
procedures were apparently used in 
most large industries by 1974. 

China's institutional matrix for 
environmental protection was aug¬ 
mented in the mid-1970s by the 
establishment of small (lf» to 20 
persons) environmental bureaus 
(headed by deputy ministers) in each 
ministry concerned with manutaciur- 
ing and resource development (in¬ 
cluding Public Hcaltiv. Metallurgy, 
Public Sccuritv. Agriculture, Fore¬ 
stry. Light and Heavy Industry, and 
Transportation and Communica¬ 
tions). In the industrial ministries, 
the environmental bureaus were 
made responsible tor pollution con¬ 
trol in government-owned plants. 

Other environmcnlal research 
bodies that were instituted in response 
to the 1973 directive included a num¬ 
ber of institutes atfilialed with pro¬ 
vincial and municipal governments to 
study local or regional problems, a 
few research units in industrial minis¬ 
tries. and some university research 
groups. Few details ot the adminis¬ 
trative and policy-making links among 
these organisations are available. 
The 1973 directive also called for the 
developmentofcnviromncntal science 
curriculas in coUeges and universi¬ 
ties and a national environmcnlal 
research institute; but formal educa¬ 
tion and training in environmental 
science continues to be based, for the 
most part, in individual disciplines. 
However, since 1979 there have been 
efforts to toster a high level of both 
scientific and popular interest in 
environmental science and policy. 

In keeping with the new diinese 
emphasis on seientilic development 
aiui communication, many new sci¬ 
entific societies have been formed. 
Among these are the Flnvironmenlal 
Scientific Society and the Feological 
Society. I he main purpose of these 
societies is to foster communication 
through conferences and meetings, 
and through publications. 

'rhanks to the formal endorsement 
of environmental protection by the 
central government. Ll*() is apparent¬ 
ly now assuming a more substantive 
policy-making role. In a report to the 
Fifth National People's Congress on 
26 February 1978. Chairman Hua 
Guofeng called tor "elimination ot 
pollution and the protection of the 
environment [as] a major issue in¬ 
volving the people's health, an issue 
to which -^e must attach great im- 
portaoiCi^*^. He also called for ''reg- 
ulat^hs to protect the environment " 
and'tb "maKc sure that related prob- 


iems are sattsfactorny solved'" 
Further commitment was indicated 
by the inclusion of the following 
clause in the new constitution 
adopted on ,5 March 1978: “The 
stale protects the environment and 
natural resources and prevents and 
eliniinates pollution and other 
hazards to the public." 

These gencriil pronouncements 
were amplified in Vice-Premier Deng 
Xiao-ping's opening address at the 
March 1978 National Science Confer¬ 
ence. Lnviionmcntal concerns were 
mentioned first in connection with 
agriculture, where “national ex¬ 
ploitation and utilisation of re¬ 
sources" and "protection of the eco¬ 
logical system" were advocated. The 
multipurpose utilisation principle, 
with particular emphasis on the role 
of science and technology in helping 
to realise the benefits of recycling 
and by-product use, was also re¬ 
affirmed. Finally, “environmental 
protection" was designated as one of 
27 “research spheres" to be pursued 
as part of the 1978-85 outline plan for 
the development of science and 
technology. 

Continued concern about environ¬ 
mental protection is reflected in 
Ilua's June 1979 report on the work 
of the government to the National 
People's ('ongress. in which he men¬ 
tioned work on an environmental 
protection law' that was promulgated 
in September 1979. He also stressed 
the need for "taking environmental 
protection into account in the con¬ 
struction ol new projects'. Flua 

f 


fliifttier stafeS 

Icms tiadsed bv exiiiting enterprises 
must be solved step by step." Two 
other law's with important signifi¬ 
cance for environmcnlal protection 
arc the Forestry Act (adopted in 
principle by the National People's 
Congress iri 1979) and the Aquatic 
Products Law, which protects water¬ 
ways, fisheries and aqua-culture. 

To a large extent, the success of 
the new emphasis on environmental 
protection will depend on Beijing's 
ability to set and enforce environ¬ 
mental standards—until now a seri¬ 
ous weaknessof the programme. Since 
the early I97()s, industrial standards 
for environmental protection have 
presumably been applied in the de¬ 
sign, construction, and operation of 
factories, but compliance has been 
erratic. 

In 1978 the LPo. with the powerful 
backing of the State Planning and 
Slate Leonomie Com missions, cen¬ 
sured 167 industrial enterprises 
throughout the country and ordered 
'"them to take "proper measures" to 
control pollution by 1982.. 1'he order 
warned that if pollution w'as not 
reduced sutfieicntly during this 
period, the factories would be closed 
down and their managers held re¬ 
sponsible. Even more significant, 
however, was the authorisation of 
funds and equipment to some of the 
enterprises to assist in w aste manage¬ 
ment. This appears to be the first 
substantial financial commitment by 
the central government to pollution 
control in individual enterprises. 


N 



construction at the Baoshan Steal Works. 10 km north of Shanghai, was halted in February 
1981. Expected to have been China's largest and most expensive industrial project, officiate 
cited air pollution, the destruction of nearby wetlands and estuary, and land subsidence at 
the construction site, as reasons for abandoning the $14 billion undertaking. 



“treasures'’. 

However, hi^h-level attempts to 
co-ordinate China's environmental 
policies and research efforts to devise 
regulatory approaches commensu¬ 
rate with the needs of a developing 
economy became evident only in the 
IMTds. 6y then air and water pollu¬ 
tion had become serious, and con¬ 
cern that environmental mismanage¬ 
ment was polluting and degrading 
soil and water resources and thereby 
endangering agricultural production 
was growing. Because environmental 
threats to agricultural stability and 
productivity have always been a 
strong inducement for remedial mea¬ 
sure, the scientific and technological 
establishment was formally asked to 
contribute to a national programme of 
environmental protection and 
reconstruction. 

rhe result was a national confer¬ 
ence on environmental protection, 
personally endorsed by ChairnKin 
Mao, held in Beijing in^ld?.^. The 
delegates considered the results of a 
national survey that revealed the 
extent of air and water pollution in 
industrialised areas, the threat to the 
natural environment due to improper 
agronomic practices, the neglect and 
de-emphasis of environmental fac¬ 
tors in factory location and construc¬ 
tion, the jgnoring of environmental 
considerations in order to salisly 
production goals, and the inadequate 
technical capability tor managing dis¬ 
posal and recovery of solid, liquid, 
and gaseous wastes. The recommen¬ 
dations of this conference, published 
as a State C ouncil directive, lormed 
the basis of China s national environ¬ 
mental protection programme. 

Top priority among the adminis¬ 
trative recommendations was given 
to the csiaWishment of an organisa¬ 
tion under the State Council to co¬ 
ordinate and implement the national 
programme. Similar lower-level bodies 
were recommended tor provinces, 
autonomous regions, and provincial- 
level municipalities (Beijing. Shan¬ 
ghai, and Tianjin), although their 
functional responsibilities were left 
vague. The national-level Environ¬ 
mental Protection Office (M*C)) was 
formed in 1974 under the State 
Council with a small staff. Its rela¬ 
tively low status as a co-ordinating 
and planning body was reflected in its 
designation as an “office’' rather 
than as a more prestigious “commis¬ 
sion" or “special agency". 

Environmental administration 

To pursue its co-ordinating and 
planning missions, the E\K) has a 
science and technology division to 
supervise research, monitoring, and 



A back alley near Ximen Road in central Shanghai, where 19th century architecture marks 
the area as originally part of the French Concession. The absence of litter here bears 
witness to the success of China's efforts in developing urban and rural communities that kI 
support large populations while adequately maintaining a healthful, sanitary environment ;.i 


assessment in research institutions 
and a planning division lo devise 
long-range envinmmental proteclion 
plans and to monitor eoinpliance 
with regulations. I’he 197.^ Slate 
Council directive authorising the r I'o 
made some reference to its standard¬ 
setting functions, but did not spell 
them out. Impending organisational 
changes should centralise monitoring 
and standard setting in the FPO New 
divisions—water, air, nature pri>tec- 
lion, and foreign affairs—were added 
in 1979. 

In its role as national co-ordinating 
agency, the EPO regularly brings 
together officials from various minis¬ 
tries to consider the potential en¬ 
vironmental effects and risks of in- 


duslrial and resource development 
projects iiiulei then jurisdictions and 
lo oversee expeiulilures of funds for 
environmental protection. Since pro- 
duct ion has alwa vs had the highest , ; 
prioritN. however, proieelion needs 
have sullcred. and there arc few 
incentives lor industrial ministries to 
invest liinds in pollution control. 

The I-Po also has little influence 
over environmental research and 
development in the ministries and 
limited authority to levy fines. Furth¬ 
ermore, the extent of.its influence in 
setting research priorities in provinces ; 
and provincial-level municipalities is 
unclear. 

Provincial-level organisation 
varies from region to regiiin. ‘Fhcre is 










co^dinated scientific and tedinicai 
i^search relating to either the 
tnonitoring or the control of air pol- 
lution. Areas of interest in the late 
1970s included instrumentation and 
procedures for determining trace 
toxicants, laser scanning to measure 
particulate concentration, analysis of 
the flue gases from steel smelting elec¬ 
tric arc furnaces, gravimetric analysis, 

, and chemical member filter meas¬ 
urement. On the whole, however, the 
Chinese appear to be relying (quite 
sensibly) on air pollution technology 
available in the West. 

Many scientific accounts of mat¬ 
erials recovery research and 
environmental improvement emphas¬ 
ise the economic and health rewards 
of co-operative efforts by scientists, 
technicians, and workers to conserve 
and re-usc industrial raw materials 
and to control pollution. In support of 
this, traditional techniques for com¬ 
posting organic and recycling inor¬ 
ganic materials have been improved. 
Since 1949, however, in the larger set¬ 
ting of environmental protection, this 
aspect of environmental sanitation 
(along with industrial hygiene) most 
commonly falls under public health 
councils and not under environmental 
science institutions. 

Integrated management 

Most of China's environmental 
research is done in conjunction with 
specific, economically important pro¬ 
jects. Twf excellent examples of inte¬ 
grated environmental research, 
assessment, and management are 
associated with Guanting Reservoir 
and Yaer Lake. 

Guanting Reservoir, located in an 
arid region 100 kilometres north-west 
of Beijing, generates hydropower and 
supplies water and fish to the capital. 
Development of industries— 
metallurgical, mining, chemical, 
paper, tanning, and synthetic fibre— 
m the river valleys above the reservoir 
led to serious pollution. Under the 
combined authority of the reservoir 
administration and industrial 
environmental protection units, steps 
were taken to solve this problem. 

One report described the organ¬ 
isation oi a co-operative project, 
under way since 1972 and involving 
physical geographers, environmental 
chemists, and biologists, to describe 
and model the effects of pollutants on 
biological communities and ecosys¬ 
tems in the reservoir and to study the 
processes that govern links between 
pollutant sources and receptors. One 
aspect of this work was an analysis of 
the form, content, distribution, and 
chemical transformation of toxic 
heavy metals in reservoir sediments 
and ttieir biogeochemical migration in 
the water-sediment aquatic organism 
system. Overall research and man¬ 
agement achievements in the Guant- 


injg Ke$er/dlr" ai«a prwiw 
of successful integration of agricul* 
tural and industrial production and 
environmental protection. 

Integrated pollution control in a 
major fowl-breeding, aouaculture, 
ana aquatic products area, Vaer Lake 
in Hubei province, began in 1976 
under a plan drawn up at China's lead¬ 
ing centre for research on fresh-water 
pollution, the Institute of Hyd¬ 
robiology (also referred to as the 
Institute of Aauabiology) in Wuhan. 
Here, the proDlem was to restore a 
majority inland fishery that had been 
severely polluted since the late 19S0s 
by effluents from pesticide and chem¬ 
ical plants built along its shores. 

Engineering work involved instal¬ 
lation of a network of pipes to drain 
polluted lake waters into four oxi¬ 
dation ponds that were formed by 
damming off a 200-hcctare area of 
the lake. Treatment was then carried 
but through bacterial degradation and 
removal by. algae. The Institute of 
Hydrobiology carried out wide- 
ranging experiments on the use of 
plant^ materials for removal of toxic 
chemicals from industrial effluents 
and the breakdown of chlorinated 
hydrocarbon pesticides from agricul¬ 
tural runoff. It also illustrated the 
complementarity of pollution control 
and economic productivity by har¬ 
vesting Phomidium ambiguum^ a 
blue-green alga used to remove 
ammonia nitrogen from acrylonitrile 
wastewater, for use as a fertiliser. 

Future prospects 


and regulations. Evidence of 
bureaucratic lethargy and mis¬ 
management in implementing exist¬ 
ing research and enforcement prog¬ 
rammes abounds. It is also ques¬ 
tionable whether China's central gov¬ 
ernment planners* wish to include 
environmental factors in develop¬ 
ment planning decisions at high man¬ 
agement levels. 

''The problem derives partially from 
funding priorities. Beginning in 1976 
China has committed itself to billions 
of dollars worth of plant and technol¬ 
ogy purchases from foreign suppliers. 
These capital purchases will hasten 
the growth of the iron and steel indus¬ 
try, mining, telecommunications, oil 
production, energy development, and 
transportation. Although pollution 
control is of great concern to Chinese 
authorities, expenditures on indi¬ 
genous research and development 
and on direct imports of control 
devices are likely to be far lower than 
needed. There is little reason to 
expect that this will change under the 
current policy for readjusting and 
restructuring the economy. 

The direction followed by China in 
modifying its domestic and inter¬ 
national environmental policies in 
line with its modernisation drive will 
be closely watched by the global 
community. Despite its domestic 
environmental problems, in bilateral 
relations and in its style of par¬ 
ticipation in international organ¬ 
isations, China has done much to 


The Chinese government's reaf¬ 
firmation of the importance of 
environmental protection in 1978- 
1979 and the publication of new 
environmental science journals and 
environmental protection laws are 
hopeful signs that environmental sci¬ 
ence will receive greater support, in 
keeping with the national effort to 
improve science and technology. 
However, analysis of scientific and 
policy documents leads to less san¬ 
guine conclusions for several reasons. 

Chinese environmental research is 
only indirectly responsive to abate¬ 
ment goals and regulatory objectives. 
Because of the organisational struc¬ 
ture and priority-setting mechanism 
of research units and government 
bodies, scientific and technical work 
are unlikely to serve national 
environmental protection needs in 
the immediate future. obvi¬ 

ously will be local exceptions and 
sgme research areas, such as 
environmental chemistry, environ¬ 
mental geology, and aquatic biology, 
could make significant contributions 
to the development of industry- 
specific control technologies and in 
environmental chemical analysis. 

However, China is just beginning to 


enhance its national image. By shar¬ 
ing its experience in disease control, 
recycling, energy conservatitm, mar¬ 
ginal land management, and small- 
scale water use, China has gained the 
admiration of many developing coun¬ 
tries and of foreign advocates of con¬ 
servation and soft technologies. 
Because of its size, population and 
physical diversity, China's emerging 
environmental policies will have 
major effect on growing international 
efforts to find a viable basis for 
environmental co-operation in the 
interest of human survival. 

Dr. Boxer is professor of geography and 
international environmental studies at Rut< 
gers University (USA). His research focuses 
on comparative scientific and policy dimen¬ 
sions of international environmental prob¬ 
lems. and he has served as a consultant to 
the United Nations Environment Prog¬ 
ramme and to the Council on Environ¬ 
mental Quality. He visited China in 1980 at 
the invitation of the Chinese State Council 
Environmental Protection Office. 

This article is reproduced by permission 
from Environment. It contains material 
adapted from ''Science in Contemporary 
China" (ed. Leo Orleans) published by 
Stanford University Press., ® 19B0 by 
the Board of Trustees of the Island Stan¬ 
ford Junior University. 
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What la tha diffaranaa batwaan caat Iron and ataal? And what do you know about your 
atalnlaaa alaal kitehanwara? Hara ara a faw aueh quaatlona about matala. Anawara 


11; €rane$ With large eiectroml^etsi 
are used in iron and steel plants for 
transporting scrap mutcrial. However 
these are not used for transporting hot 
bars or ingots because ® 

A. of the danger of accidents. 

B. iron becomes non-magnetic when 
red hot. 

C'. the expensive electromagnet!^ 
could get damaged when iii contact with 
hot ingots. 


I. The word "melar’ has its origins in 

A. Latin. 

B. Greek. 


7. Old clocks, especially the grandfather 
clocks ot the past, used to run slow in 
summer and fast in winter. This had to 


12. (liven below are some interesting 
terms from metallurgy. You will notice 
that most ot them have other meanings 
in everyday lite (you would not like 


C. Spanish. 

2. Ever heard of the term “metalloid"? 
What do you think is a metalloid? 

A. A term used to describe inferior 
metals. 

'B. A metal that does fiot form com¬ 
pounds. 

C. An element having the physical 
properties of a metal, and behaving 
chemically both as a metal and as a 
non-metal. 


be corrected by adjusting the length of 
the pendulum. In 1SM6. Dr. C harles ii. 
Guillaume invented an allov which has 
almost zero coeffitMcnt of lineai expan¬ 
sion with respect to its surroutidmg 
temperature (meaning, it hardly ex- 
pands if heated). This alloy is called 

A. invar. 

B. inconel. 

C. incolov. 


being called a “creep", lor instance), 
but in metallurgy these have special 
connotations. 

A. “Mild Steels" are 

1. steels which react mildly with 
mineral acids. 

2 low'-carhon steels without alloying 
elements. 

steels, containing manganese, 
iodine, lithium and dysprosium as 
alloying elements. 


3. Metals are crystalline materials. A 
crystal is an array of atoms in a repeat¬ 
ing pattern. However, even in the best 
of conditions these crystals will be seen 
to have “point", “line", and “plane" 
defects. Annealed metals arc those 
which are heat-treated and cooled so as 
to minimise the number of defects to 
achieve near perfection in the crystal 
structure. What do you think would he 
the usual concentration of defects in a 
“near perfect" crystal? 

A. 11) pci sq cm. 

B. 10' per sq cm. 

C. 10'' per sq cm. 

4. Although metals are normally crys¬ 
talline in nature, under special condi¬ 
tions, some alloys can be obtained in 
“glassy" state. This is done by 

A. beating the metal till all crystalline 
grains are completely broken. 

D. rapid solidification of liquid metal. 

C*. extremely slow cooling of the 

liquid metal which has similar structure 
as that of glasses. 

5. Stainless steel utensils arc identified 
hy their being non-magnetic. Which arc 
the other important alloying elements 
present in utensil-grade stainless steel? 

A. Magnesium and nitrogen. 

B. Nickel and nitrogen. 

C. Nickel and chromium. 

6. Aluminium is a chemically reactive 
and soft material. However, its uses can 
he greatly diversified by a surface treat¬ 
ment. Which of the following surface 
treatments is usually given to make it 
corrosion-resistant? 

A. Anoefising. 

B. Nitriding. 

C. *Sand blasting. 


8. Natural uranium is a metallic element 
containing three isotopes (meaning, the 
atoms of uranium, although having the 
same atomic number have three diffe¬ 
rent atomic weights). Which of the 
following isotope is responsible foi giv¬ 
ing uranium a place as fuel for unclear 
power reactors? 

A. IJ-23S 

B. U-235 

C. U-234 

9. As the carbon ctmtenl in iron is 
changed, the strength ol the non 
changes. What is the diffciciicc be¬ 
tween “cast iron" and “site!"? 

A. Thc\ have the same carbon con- 
lent, but different microMriicUiies 

B. ( asl iron has a higher carbon 
content than steel. 

C. Cast iron has a lower carbon 
content than steel. 

10. 1'he figure shows various everydav 
articles. Can ymi name them in increas¬ 
ing order of their carbon content? 


B “C reep" denotes 

1. metals (hat fails in an awkward 
situation 

2. liquid metal flinving into the cre¬ 
vices ol a solul Inufy. 

3. plastic flow under constant stress. 

(■ “batiguc" means 

I. failure of material under external 
load 

2 failure ol material under repeated 
stressing. 

3. failuie due to high temperature 
and humidity. 

D “Aging" desciihes the 

1 time provided to lelieve stresses. 

2 lime I eq 111 red for cooling hot 
metal. 

3. formation ot wrinkles on a metallic 
surface. 

High speed steels are 

1. Steels which can be cast quickiv. 

2. steels useil in supersonic planes. 

3. steels which maintain their cutting 
etiges, even when the tool becomes hot. 
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it. In w austenfte phaiCi it nisily 

be formed into shapes. 

6.—A: By electrochemically treating 
aluminium and using the object as an 
anode, an oxide layer can be generated 
on the surface. Whether the layer will 
be bright, dense, or porous, will depend 
on the electrochemical parameters. 
Porous layers can be treated with dyes 
to give enduring colours, since the oxide 
layer is hard and transparent. 


The Answers_ 

1.—B: Metallon ihcant “a mine” in 
Greek. The word must have got into the 
English language, like many modern 
English words, through French. In Old 
French, n was metullum. 



tory 


2.—C: Arsenic and antimony arc good 
examples of metalloids. Both these are 
hard, crystalline solids metallic in 
appearance, hut capable of reactions 
usually seen with metals and n(ui> 
metals. 

Sb 
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Position of antimony in periodic table. 
Arsenic (As) and bismuth (Bi) are also in 
the same group 

3.—B: Some point defects and line 
defects are shown in the figure. Plane 
defects are like those marked g.h. and 
twin planes, on the two sides of which 
atoms are arranged as mirror images of 
each other (right). 


4. —B: ("ertain alloys, like aluminium 
alloys and nickel-based alloys, when 
cooled at extremely fast rales (of about 
10' degrees centigrade per second) 
from their molten .states can be pre¬ 
vented from crystallising. These have 
glassy {Structures, and often, very attrac¬ 
tive properties like belter corrosion 
resistance and high ductility. 



Fresh aluminium sheets in a factory 


5.—C: in utensil grade stainless steel, 
chromium (IS per cent) and nickel (8 
per cent) are used for stabilising the 
“austenite" phase, which is non- 



Near-perFect crystals of aluminium oxide 
grown in the laboratory. These can take 
enormous stress 


7. —A: Invar is an alloy of iron and 
nickel (3b per cent). Magnetic materials 
change their lengths both because of 
temperature and magnetisation. When 
they demagnetise, on heating above a 
certain temperature, they shrink. By 
choosing a suitable composition, not 
only can the temperature at which 
demagnetisation occurs be selected, but 
also, thermal expansion and contraction 
due to demagnetisation can be balanced 
to neutralise each other. 

8. --B; Atoms having the same number 
of protons (and hence electrons) but 
different atomic weights are the iso¬ 
topes ot the same element. 'Ilie process 
of splitting a nucleus into two smaller 



Common defects found in a crystal 















during this reaction is cohvet^ed into 
energy, as per the equation E»mc\ 
where £ denotes energy, m the muss, 
and c the velocity of light. The only 
naturally occurring substance fission- 
able by slow neutrons is uranium-235. 
You can imagine how much energy a 
small amount of uranium can release. 


considering that the factor c* comes in 
the equation. 



Uranium minerals copper uranite and 
autunite. Uranium minerals are typically 
green or yellow in colour 


1^*—ft: ^Ith lip to 1.7 percent carbon, 
the alloy can be heated to bring it into a 
single phase (austenite), which can easi¬ 
ly be .shaped. This is the notional limit 
below which iron-carbon alloys arc cal¬ 
led steels. If the percentage of carbon is 
higher, iron carbide (Fe.iC), which is 
hard and brittle, remains present at all 
temperatures up to melting point. Com¬ 
positions with more than 1.7 per cent 
carbon arc generally called cast irons. 

10. The usual percentage of carbon used 
in the objects are as follows: 


Chain 

0.05 

Girders 

0.25 

Railwheel 

0.40 

Rails 

0.55 

Pickaxe 

0.80 

Axe blade 

1.00 

File 

1.30 

Scissors 

1.40 

Fishplate 

3.50 


• Since iron and coimnon 

become non-magnetic above around 
8()0'’C (the Curie point), magnetic 
methods of transporting cannot be used 
. for ingots above this temperature. 



Ingot of remelted metal. Note the clamp 
used to shift it 
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This quiz was prepared by N. C. SONI and 
ASHOK MOHAN of the Metallurgy Divi¬ 
sion, Bhabha Atomic Research Centre, 
Bombay. 
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Many factors lead to pains in the head. A headache could 
stem from a defect in your^yes, the tensions 
of everyday life, noise, or blood pressure, to name 
but a few common causes. 


// hem as it would fall in twenty pieces. 

Romeo and Juliet, 11, 3 


H OW common a plaint and how 
widespread, affecting all sec¬ 
tions of society. As the English 
proverb goes, when the head aches, 
all the body's the worse for it. Work 
and entertainment, food and fancy 
arc alike forsaken. Holding the 
aching head, the sufferer takes to bed 
only to find that Morpheus too de¬ 
serts him. The result: abject misery. 

Despite their frequency and gener¬ 
ality, headaches are poorly under¬ 
stood. Most of us are hard put to 
realising that granny's headache 
Stems from a cause different from 
that plaguing her tccii-agcd grand 
\ daughter. It also seems strange to 
many why one member of the family 
is given nose drops tor his headache 
while another undergties extraction 
of an impacted molar and a third is 
advised yoga. When headaches fol¬ 
low a repetitious pattern and are 
.accompanied by other symptoms, 
anxiety is compounded and panic 
may follow receipt of news that a 
neighbour with similar problems has 
just undergone surgery for removal 
of a brain tumour. Are there diffe¬ 
rent types of headaches? How does 
one recognise variants? (an .some 
headaches signify serious illness? 
What could one do to cure a persis¬ 
tent headache? 

Ptyehogenic headache 

Sushila. despite umpteen varieties 
of tablets that guaranteed relief Irom 
the most severe headache, found it 
difficult to concentrate on her work. 
As she started on her household 
duties, she would experience that 
incapacitating ache in the head, 
however determined she would be. 
Her mother-in-Iaw' s suggestions only 
made matters worse. .She was loreed 
to seek reluge in her bedroom day 
after day, leaving work undone. Mix¬ 
tures. tablets, capsules and even in¬ 
jections prescribed by the family 
doctor proved incttcctivc. 

(3enily, but surely, the doctor got her 
to voice her problems. Listening long 
and patiently, he traced the 
headaches to their roots. The hus¬ 
band w'as surprised when, instead of 
prescribing yet some more drugs, the 
doctor rcicrrcd hcr-and him as 
well-“-to a nearby fertility clinic. 

I'hc doctor had learnt of the taunts 
•the young housewife faced from her 
mother-in-law and others at her in¬ 
ability to produce an heir. Her frustra¬ 
tions were projected into her eon- 


sciousness as severe headaches. It 
was discovered that the husband 
needed treatment to ensure impreg¬ 
nation. Once this was attended to, 
the mother-in-law saw progressive 
evidence that satisfied her desire to 
become a grandmother. As the 
(aunts died, so did the headache. Not 
all the stories have such happv en¬ 
dings. 

Some headaches stem irom prob¬ 
lems within the mind. Such 
headaches arc usually diffuse, vague 
and ilit from one part of the head to 
another, finally settling over the top 
of the head. They worsen when 
frustrations are aggravated or when 
Hiere is deliberate pimoeation. I hcy 
diminish when the person is at ease. 
Such headaches do not usually re¬ 
spond to analgesics and persist till the 
cause is eliminated. Headaches irom 
some anxiety stales may respond 
only to skilled psychiatric therapy. 

Tension and anxiety 

Mohammed's wife w as deeply con¬ 
cerned. Ever since her husband had 
been put in charge ol (he company's 
sales programme, he was prone to 
episodic bouts of headache. He 
would spend half the night poring 
over papers, preparing varrous sales 
strategies. Even so. he would be in 
good cheer at hreaklast and leave for 
work with a smile. In the evening, 
however, especially after a meeting 
where his strategies had been holly 
debated, he would return exhausted, 
complaining of pain in the back his 
head, lime after time, she was 
forced to break commitments made 
to friends or relatives as he was in no 
shape to stir out. When she tried to 
help by rubbing balm over the pained 
areas, she found the muscles at the 


back of his head and upper neck 
tense, rigid and painful. 

Such tension headaches are all too 
common in the hurly-burly of mod¬ 
ern existence, especially among those 
constantly under pressure to better 
themselves. The fierce competition 
in most spheres and the knowledge 
that there's always someone waiting 
to show his one-upmanship over you 
to the boss results in anxiety. The 
muscles of the head and neck arc put 
under constant tension. In protest, 
they send impulses, interpreted by. 
the brain as headache. 

As with psychogenic headache, the* 
obvious solution is to eliminate the 
prov<»cation. hut this is easier said 
than done. It is not always possible to 
change corporate altitudes, the per¬ 
sonality ol one's boss or the nature of 
one’s mother-in-law. It is of consider¬ 
able help for the patient to learn, 
consciously, the art of relaxation, 
especially of the muscles of the head 
and neck. Some claim wonders for 
transcendental meditation while the 
prcjponenls ot yoga put forth their 
claims. I’hc lover ol music will claim 
that all that is needed is a Mozart 
symphony played in an appropriate 
setting. Wluitever the means, the 
goal IS the same—relaxation, ten- 




sion-shedding, peace. Drugs provide 
transient rcliel only and are nt)l to be 
recommended. 

Ophthalmic problems 

Little Rohit often comes home 
Irorn school cc^mplaining of 
headache. When questioned in de¬ 
tail. he coniesses that he cannot see 
clearly what his teacher writes on the 
blackboard, especially since the 
teacher moved him to the last row in 
the classroom His adolescent 
brother complains of headaches, 
especially after he has spent three 
hours in a movie theatre. Their 
grandpa, on the other hand, conir 
plains of headache after a session 
with the weekly newsmagazine. He 
must read every word in that fine 
print hut at the end he holds his head 
with both hands. 'Hie eye specialist 
finds u common basis for their symp¬ 
toms—eye strain. Due to errors in^ 
refraction in each of them, the visual 
image did not fall accurately on the 
retina. In order to sharpen the blur¬ 
red image, reflex and barely con¬ 
scious efforts were needed to bring 
the image in sharp focus. Ihc mus¬ 
cles in and around the eyes, sub¬ 
jected to unnatural strain, produced 



nerve impulses decoded bv the hi am 
as signals ot pain in the' lorehcad. 
Similar aches are experienced by 
individuals who have recently' ac¬ 
quired a squint. In an at tempt at 
fusing the two images resulting trom 
the squint, a consciously created im¬ 
balance ol the finely atluneil eve 
muscles is brought about yvith conse¬ 
quent strain. In most instances, cor¬ 
rective lenses—contact lenses or 
spectacles—have pul an end to the 
complaint. Persistent squint may re¬ 
quire eorreclive surgery. 

Inflammatory diseases in and 
around the eye produce throbbing 
ain in the forehead and around and 
ehind the eyes. Increase in miia- 
ocular pressure (glaucoma) can pro¬ 
duce severe headache and associated 
vomiting. 

Ear, nose and throat ailments 

The heavy head accompanying a 
nasty “cold in the head'’ may be the 

E recursor to episodes of headache 
)calised to one or both sides ol the 
forehead and face. The nasal catarrh 
is a.ssociiiled yvith syvelling ot the 
mucous membrane lining the para¬ 
nasal sinuses and its duels. An exces¬ 
sive quantity of mucus is therefore 


poured into the sinuses at exactly the 
same time that their ducts ^jire block- ’ 
ed. The pent up mucus produces the.. 
heavy head and subsequent ache. In \ 
some cases, the mucus is secondarily i 
infected leading to sinusitis. 1'hc pain 
is noyv throbbing, constant and often f 
unbearable. The accompanying fever ^ 
makes matters worse. ^ 

While nasal decongestant drops ■ 
and steam inhalations may be all ^ 
that's needed for the heavy hcad^^ 
accompanying a stuffed nose, sinusi¬ 
tis demands treatment by a specialist. /; 
The pus has to be drained and ; 
appropriate antibiotics used to con- i 
irol the infection. In some instances if 
it may be necessary to carry out an - 
operation to evacuate pus and dis- ; 
eased mucous membrane. 

A related form of headache—his¬ 
tamine headache—follows inhalation I 
)f fumes to which the person is * 


Fig 1; Rear neck muscles pull on scalp ' 
causing muscle contraction headaches. Fig 
2; Anxiety headache as a tight band around j 
the neck. Fig 3: Sinusltis—pain over the 
sinus. Fig 4: Trigeminal neuralgia—stab- 
bing pain usually over the lower part of the ' 
face 
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mars, the musty and dank bdours problem, tlie exa<h diagnosis is made 
iemanating from an inadequately ven- after studying an x-ray film of the 


tihited cinema hall are some exam¬ 
ples of provocative acenls. Even 
after one nas got rid of the cause, the 


affected tooth. The cure is simple— 
removal of the troublesome tooth. 
“Ice-cream headaches'' arc a 


mucus outpouring may continue for variant of this form. The intense 
several hours. It may be necessary to cooling that follows the eating of 
resort to anti-histaminic drugs to ice-cream produtes pain signals in 
obtain effective relief from pain. the nerves serving the carious toodi. 

Infection in the inner car causes These signals are* referred to the 


severe pain in the temple and the head. In some individuals, cooling 
back of the head. Such .pain is of -the roof of the mouth also serves to 
ominous significance. Unattended, provoke headaches, the pain im- 
such disease can spread to destroy pulses in this case originating from 
the inner car and produce deafness. the palate. 


Worse, infection can spread from the 

ear into the skull to produce mening- Blood pressure 


itis and or a brain abscess, at times 
with a latal outcome. The need for 
careful, complete treatment of any 
infection of the middle and inner ears 
is thus obvious. It is also evident that 
as tonsillitis and recurrent sore throat 
may lead to infection of the middle 
ear (through the Eustachian tube 
connecting the throat and ear), these 
too must be carefully treated and not 
neglected. (Pain from infection in the 
external ear can he quite severe but is 
easily cured. It is usually due to a 
furuncle or “boil '. As regards se¬ 
rious complications, this external in¬ 
fection is almost completely in¬ 
nocuous and hence need cause no 
anxiety.) 

' Most people also suffer headaches 
when they arc told that their carious 
teeth need removal and that they 
should iherefore see a dentist. I he 
sensations induced by the very 
thought ol visiting a dentist is a 
favourite theme with cartoonists. But 
this is nt»t the headache we are 
concerned with. Rather, it is the 
headache caused by diseased teeth 
that concerns us. A decayed, inlected 
tooth hurts but the pain is localised to 
the infected tooth and its neighbour¬ 
hood. rhcrc is an exception and that 
is when the infection involves the 


1'hc heart pumps blood throughout 
the body under pressure. When the 
normal, mild fluctuations in blood 
pressure are e.xcceded, cither loo 
much or too little blood flows into 
the scalp, the coverings of the brain 
and the brain itself. When the blood 
pressure is unnaturally low, there is a 
relative insufficiency. This is experi¬ 
enced as a dull headache and giddi¬ 
ness. A few’ complain of faints. When 
the blood pressure is abnormally 
high, blood pounds through the scalp 
and brain, distending the arteries. 
The patient complains ol throbbing, 
pounding headaches. He may also 
have associated visual symptoms. In 
the state termed “malignant hyper¬ 
tension”, some arteries in the eye 
and the brain are stretched beyond 
their tensile limits, and consequently, 
they burst. Blood pours into the eye 
and.lhe brain. Ihc brain swells. It a 
lairly large artery within the brain 
ruptures, the bleeding is extensive. 
Ihc splitting headaches worsen 
rapidly and the patient soon loses 
consciousness. A fatal end is not 
uncommon. Lesser clots produce se¬ 
vere headaches, cloudy conscious¬ 
ness and various kinds ot paralysis 






the individual bliftd. 

It is thus obvious that the blood 


pressure should be maintained within 
the normal range. Fortunately for 
most of us, nature does this without 


any effort on our part. As long as we 
remain symptom-free, we need 
spend neither time nor thought on 
tne issue. Some of us. for varying 
reasons, are prone to fluctuating 
blood pressure. Once attention is 
called to this state by symptdms, it is 
important to stabilise pressure. Low 
blood pressure—a rare state—must 
be treated by attending to its cause. 
The commoner high blood pressure 
state is often without detectable 


cause. In such instances, where diet¬ 


ary measures by themselves are in¬ 
sufficient in bringing about a stable 
state, drugs may have to be used but 
•under the supervision of a physician 
only. F^ilients with high blood press¬ 
ure arc advised to avoid situations 


that cause psychological stress. This 
advice is easier to offer than to 


implement. Yoga has been shown to 
have some effect in lowering blood 
pressure. Remember that the com¬ 
monest cause of headaches in those 


with high blood pressure is anxiety 
over their blood pressure. 


Hunger and hangovers 

A professor ot medicine at a col¬ 
lege—one who was sincere, hard¬ 
working and intelligent—developed, 
episodic headaches. He would he so 
disabled that he had to leave the 
outpatients' section or the lecture 
hall to return to his office and lay his 
head on the table. 'I'hose around him 
noted an excessive irritability before 
and during these attacks. His family 
.bore the brunt of his unnatural tan¬ 
trums. It was many weeks before it 
\yas realised that his headaches 
occurred only when a meal had been 


third molar. The pain ironi this tooth 
is referred to the head and is experi¬ 
enced us a headache. The third molar 
can produce such headache even 
without any decay or infection in¬ 
volving it. In some individuals, 

, instead of sprouting upright, the 
third molar is malaligned, ending up 
in a hori/onial position with itscrowm 
abutting the second molar and its 
roots pressing against the jawbone, 
irritating adjacent sensitive nerves. 
Such headaches may cause confusion 
.in diagnosis and the patient may go 
from doctor to doctor till someone 
blessed with both knowledge and 
experience asks whether the 
headache is w'orse when chewing 
hard food or biting upon hard ob- 
jectvS. On obtaining an affirmative 
response he requests the patient to 



Arteries of the scalp. Dots indicate the points of stimulation causing pain. 1. The occipital 
arteries. 2. the supra orbital and frontal arteries, and 3. the auperficiai temporal arteiy 
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Of aches, f^alfis and thresholds 


Oddly, while an obnoxious individual 
may prove a '^headache*' to one of those 
around him, he may be termed a ''pain 
in the neck” by another. What is the 
difference between ache and pain?' 

Chambers* Twentieth Century Die- 
tionary defines an ache as a continued 
pain. Harold Wolff, on the other hand, 
describes deep pain as having "an 
aching quality", suggesting the qualities 
of dullness and poor definition as being 
applicable to an ache. Pain is derived 
from the Latin paena —a penalty. The 
suffering felt while doing something or 
consequent to an action was thus pain. 
I'he pains of childbirth arc an example. 
While pain is indefinite as to the degree 
or quality, sharp pain is termed pang, 
severe and lasting pain agony, and 
overwhelming pain anguish. Pain and 
anguish are applied indiscriminately to 
what IS physical and mental. {Crahb’s 
English Synon yms .) 


Doctors classify pain into superficial 
and deep varieties. Pain from noxious 
stimulation of the skin has a pricking, 
cutting, burning or itching quality and is 
sharply localised. It evokes prompt 
corrective response. Pain from deeper 
structures and organs is diffuse, difficult 
to localise and associated with nausea, 
changes in blood pressure and, occa¬ 
sionally, syncope. It leads the afflicted 
individual to withdrawal, inactivity and 
rest. 

The threshold for pain varies. The 
frenzied soldier battling at the front 
may scarcely notice the bullet shattering 
his arm while the frightened child quails 
at the very sight of a hypodermic 
needle. The same painful stimulus may 
be felt differently by the same indi¬ 
vidual under differing circumstances or 
by different individuals at the same 
time. A multitude of factors thus gov¬ 
erns the severity of pain: cultural back¬ 


ground, the assumed significance of 
pain, the amount of distraction, the 
presence of mental depression, past 
experience of pain, and .so on. As Rene 
Leriche pointed out. physical pain is not 
a simple affair of an impulse travelling 
at a fixed rate along a nerve but rather 
the resultant of a conflict between a 
stimulus and the whole individual. 

Antiphanes's statement that all pain 
is one malady with many names now 
appears dated. Charles Illingworth 
sums present concepts; "Every sentient 
being knows what is meant by pain but 
the true significance of pain eludes the 
most sapient. For philosophers, pain is 
a problem of metaphysics, and exercise 
for stoics; for mystics it is an ecstasy, for 
the religious, a travail meekly to be 
borne, for clinicians a symptom to be 
understood and an ill to be relieved." 


S. K, P. 
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delayed or skipped. Once this corre¬ 
lation was established, he soon unco¬ 
vered the cause of his headaches, 
louring one such episv^dc 4)t pain, 
blood was drawn and tested for 
sugar. The level of sugar was very 
low. Within minutes of drinking a 
concentrated sugar solution, the 
blood sugar level rose. Simultaneous¬ 
ly. the headache and irritability dis¬ 
appeared. He now carries sugar 
cubes with him all the time and 
whenever he feels the headache com¬ 
ing on, pops one into his mouth to 
abort the attack. 

Headache produced by hunger is 
not as well recognised as it should be. 
It IS commonly seen in persons who, 
as a recent advertisement has it, 
"have everything hut time" and are 
forced to skip snacks and meals. Such 
individuals are usually slim, hyper¬ 
dynamic and perfectionist. While 
some of them recognise their disabil¬ 
ity and devise simple corrective mea¬ 
sures, a surprising number end up in 
clinics after umpteen unrelated tests 
have been carried out. 

Even though Austin O'Malley de¬ 
fined a drunkard as being like a 
whiskey bottle—“all neck arid belly 
and no’head”—on the morning after, 
the guzzler feels nothing but his 
head. There he lies, literally holding 


his head, fearful of the slightest 
sound or jerk because of the shock 
waves it sends screaming through his 
head. The associated nausea makes 
him spurn any drug or nostrum. It 
will take several hours lor him to be 
able to hold his head erect once again 
and even contemplate a smile. 

Alcoholic drinks contain ethyl 
alcohol, water and congeners—cth\l 
acetate, iso-amyl alcohol, various 
sugars., minerals and some vitamins. 
The concentrations of these congeners 
range from ^ g per KHI litres in 
vodka to 2S5 g per IIM) litres in 
bourbon. These congeners (so called 
because they lend the characteristic 
colour and flavour that make the 
different beverages appealing) and 
metabolites from the drink (such as 
acetaldehyde) cause the hangover. 
The headache is considerably 
worsened by previous intake of 
mono-amine oxidase inhibitors as the 
tvramine in the drink reacts with 
these drugs to raise the blood 
pressure. 

The obvious cure tor such 
headaches is, of course, totally un¬ 
acceptable to those most plagued by 
them. Advice on restricting the 
quantity quaffed too falls on deaf 
ears. For those not blessed (as Ber¬ 
tram Wc»oster was) with a genius 


named Jeeves who shimmies in bear¬ 
ing a lile-savcr on a plate the morn¬ 
ing alter, the only acceptable advice 
may be that counselling against 
drinking 4)11 an empty st4>mach. C\)n- 
suming large quantities ol water after 
the binge als4) helps by preventing 
dchvdrati4>n oi vital tissues in the 
head and. at the same time, diluting 
the concentrations ol the C4nigeners. 
The hangover may thus be mitigated 
ii not t4nally prevented. 

Chinese food and hot-dogs 

I'he relative exinicity of C'hinesc 
food has attracted innumerable affi- 
cionados, and the recent emergence 
4)f Chinese io4Kl vendors on the 
streets will enslave many im>re. It 
may come as an unpleasant surprise 
for some of this ilk to learn of the 
problems bmught 4>n by such lood. 
Half an hour after starting a Chinese 
meal, susceptible individuals suffer 
pain in the forehead and temples. 
This is ass4>ciated with a sensation of 
tightness over the lace and chest. 
Studies (especially in the North 
American continent) show that the 
culprit is the nuinosodium glutamate 
added to Chinese food to improve 
taste. Three grams of this chemical is 
enough to cause serious problems in 
those susceptible. A helpful hint: the 





lectors use their 
knowledge of the 
' control meohanisms 
for eye movements 
to localise the sites 
ofintra-cranial 
diseases* and judge 
the extent to which 
deeper structures in 
the brain are 
damaged. Such 
information is of 
vital significance in 
the management.'^ of 
patients with severe 
headaches caused 
by intra-cranial 
haemorrhage and 
tumours of various 
kinds 



pain is less likely if soup is avoided. 
Glutamate in thc; soup is rapidly 
absorbed into the blood stream. Glu¬ 
tamate eaten with solid food is 
absorbed much more slowly and thus 
does not reach troublesome concen¬ 
trations in the blood stream. 

Another food additive responsible 
for headaches is nitrite, used to give 
an uniform red colour to meats. 
Hot-dog and salami fanciers thus 
may be treated to a large dose of 
nitrites with consequent widening ot 
their scalp and brain arteries and a 
migraine-like headache. 

Migraine 

‘i wake up in the morning feeling 
happy. The sky seems more blue, in 
fact, all coU)urs appear more intense. 
I know that this means that later that 
day or perhaps the next, I will get a 
migraine attack. The pain gradually 
comes on over one temple, usually 
the right, and spreads over the whole 
of that side of the head. At the same 
time, , but sometimes before the 
headache begins, part ot my vision 
blurs, bright stars may appear and 
move over the field of vision. The 
headache becomes worse and throb¬ 
bing, 1 start feeling sick. If 1 vomit, 
this seems to make the headache 
better. With the headache, light 
hurts my eyes so I have to go to bed 
after drawing the curtains. The whole 
attack lasts about eight hours and 
leaves me tired and shaken.^' 


Clifford Rose and Gawel quote 
this typical case history in the open¬ 
ing chapter of their book on mig¬ 
raine. The word migraine itself is a 
corruption of the Greek term for 
one-sided headache {hemi-crania). 
Most sufferers talk ot a warning sig¬ 
nal (termed “aura" by doctors) noted 
minutes, hours or even a day before 
the attack. Ihc patient soon learns to 
recognise his aura. Ihc headache 
itself is usually in the form of a 
crescendi) and may be accompanied 


described alx>ve, or the presence of a 
zig-zagging bright-edged line aaoss 
the field of vision, or fragmentation 
of the object seen, or a distortion in 
perspective similar to that when we 
look through the wrong end of a 
telescope. Some patients suffer mig¬ 
rainous neuralgia where there is a 
sensation of a red hot needle being 
stuck into the eye. The eye is red and 
its movements painful. Migrainous 
neuralgia comes on in cycles repeat¬ 
ing every 8, 12 or 24 hours for one or 
more weeks. Rarer forms of migraine 
are associated with transient weak¬ 
ness of one half of the face, the eyes 
or one side of the body. In an 
unusual form, the pain is experienced 
not in the head but in the abdomen. Di¬ 
agnosis can be difficult unless history 
of migraine in other members of the 
family is forthcoming. 

The mechanism of migraine is gra¬ 
dually becoming clear. The arteries 
of the scalp and brain are principally 
involved. These arteries initially nar¬ 
row abruptly as their muscular coats 
go into spasm. This phenomenon, 
restricted to one side of the head, 
lasts 10 to 30 minutes. The visual 
aura is attributed to such spasm in 
the artery supplying the occipiial 
lobe of the cerebrum. Later the same 
arteries undergo abnormal widening 
resulting in a flood into previously 
starved areas of the scalp and brain. 
It is the excessive blood pouring into 
sensitive arteries that is responsible 
for the pain. 

The biochemical basis for the ini¬ 
tial narrowing and later widening is 
being studied. Intermittent release of 
5 hydroxy-tryptamine (serotonin) 
into the circulation is postulated on 
the basis ol increased excretion of its 
end-product, 5-hydroxv-indolc acetic 


of pain 
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after an attack. Serotonin constricts 
blood vessels. The role of those 
prostaglandins (SCIENCE TODAY, 
October 1978) that narrow blood 
vessels (and also produce clumping 
of platelets with subsequent release 
of more serotonin) is being investi¬ 
gated. The part played by tyramine is 
also under study. There is little doubt 
that in several instances, susceptibil¬ 
ity to migraine is inherited. It is also 
well recognised that several factors 
can trigger off such attacks in suscep¬ 
tible individuals. Most doctors put 
stress at the head of the long list of 
triggering factors that include cho¬ 
colates (rich in beta phcnylethyla- 
mine), cheese and red wine (rich in 
tyramine) and fried foods, sexual 
intercourse, alcohol and smoking. In 
time, sufferers learn what they arc 
susceptible to tmd avoid them. Mig¬ 
raine may also be associated with 
menstruation or come on as a woman 
approaches menopause (leading lb 
speculation on the role of hormones 
in its causation). The contraceptive 
pill has been known to spark off 
severe headaches. While some of 
these may be migrainous, others 
have been proven to be^ due to 
clotting of blood in cerebral veins—a 
serious condition. 

Some patients remain free from 
migraine without recourse to drugs. 
Biofeedback*, currently in fashion, 
has been pressed into use. The 
patient is made aware of distension in 
the temporal artery, spasm in the 
muscles of the neck and increase in 
the temperature over the head and is 
taught to concentrate on reducing 
these: Meditation (transcendental or 
otherwise), yoga and acupuncture 
have their proponents. Many drugs 
have been used. Preparations from 
ergot (a mould crowing on rye) have 
proved very effective. Used at the 
onset of the migrainous aura, these 
preparations can abort the attack. 
Tricyclic compounds (amitryptaline), 
L-tryptophan, clonazepam, lithium 
and a host of other drugs are being 
tried out. Some clinicians prefer to 
stick to standard analgesics and 
tranquillisers. 





Trigeminal and other neuralgias 

Mchroo, a middle-aged house¬ 
wife, was helped into the clinic by her 
husband. She walked with a slight 
stoop, protecting the left half of her 
face with her left hand. JJhe sat hesi¬ 
tantly on the edge of the chair and 
stared at the doctor, reluctant to 
Speak. When questioned, she ges¬ 
tured with the right hand, pointing to 
the left side of her face. She looked 
miserable. The left cheek was raw 
from friction and somewhat dirty. 
From time to time she stiffened and 
clutched at her face. A couple of 
minutes later, still rigid, she started 
rubbing the left cheek, gently at first 
and with greater force. Her husband 
narrated her tale of woe. For the past 
week she was plagued by episodic, 
sharp pain (“like electric currents"), 
shooting down the left side of her 
face. The pain lasted a minute or so 
and then eased leaving behind a dull 
ache. The sharp pain recurred every 
10 to 15 minutes. Any attempts at 
opening the mouth' or talking 
sparked off the pain. Eating was 
almost impossible and she swallowed 
fluids with great difficulty. As the 
days passed, the intensity and fre¬ 
quency of pain had worsened. 

Sensations from the right and left 
halves of the face are conveyed to the 
brain along the right and left trige¬ 
minal nerves respectively. Each 



Cut sections of the 
brain showing 
haemorrhage into 
the cerebral 
hemisphere. 
Headache may 
follow increase in 
procure within the 
cranium* or irritation 
of structures at the 
base ofthe brain by 
Mood 


nerve hasi three divisions suttsdrvinr I 
the upper, middle and lower thirds of 
the face respectively. When the 
nerve or any of its divisions is 
flamed and irritated (as by viru$;j: 
infection), neuralgic pain (as in 
the instance above) follows. The pain ' 
is severe, sharp and recurrent. It is 
usually restricted to the distribution > 
of the affected division but may, over 
months, spread to involve the other 
divisions as well. It does not cross thg 
midline. Irritation or stimulation 
key areas on the face (^‘trigger 
zones”) sets off acute attacks. Move- I 
ments of the jaw—during speech or 
chewing—also spark oft severe f, 
attacks. The characteristic story and^' 
absence of any neurological abnor-^^ 
mality on examination make the di¬ 
agnosis easy. Treatment, in most 
cases, consists of carhamazepine tab-' 
lets. In refractory cases, it m^ be 
necessary to paralyse the pain fibres 
in the respective divisions using 
radiofrequency current. It is unusual, 
these days, to have to resort to the 
old operation of cutting the painful 
nerve. 

Other nerves around the face and ^ 
mouth may also be similarly involved ; 
to produce other types of neuralmas. 
Fortunately most such neuralgias 
also respond to drug therapy. Where 
the neuralgia is secondary to irrita¬ 
tion of the nerve by an infected • 
tooth, abnormal blood vessel or 
tumour, appropriate surgery will be 
necessary. 

Tumours and other lesions 

Six-year-old Anita had always 
been an ebullient child. Of late, 
though, she was less prone to venture 
out, jump, dance and run around 
with joy. When asked what was 
wrong, she complained of the pain in . 
her head. Her mother consoled her 
with thoughts of a wedding in the 
family and prescribed an aspirin. ' 
When this did not help, a larger dose 
was given. Despite the tablets, she^ 
remained miserable and was reluc¬ 
tant to go to sc'hool. Firmly, mother 
insisted that she not give way to these 
“trifling aches” and sent her off. On 
returning that afternoon, Anita*s 
checks bore tear stains. She had 
suffered two nasty bouts of headache ^ 
in school and had even vomited once. 
As the pain persisted over subsequent 
days and vomiting became more fre¬ 
quent, a void was consulted. Ground 
herbs in milk were prescribed. She 
brought these up. The pain worsened. 
and was now constant. Anita found it. 
difficult to retain her food. She was 
also prone to fall while attempting to 
walk. Her mother interpreted these 
as being due to weakness. Meanwhile 
Anita complained of seeing double— 
two images of every object she 


Harold Wolff's epochal contributfons^" 

Ui*lo the i931Is. most recorded desenp- 
lions of headache were based on oral 
evidence and little was understood of 
the precise mechanisms involved in the 
production of the different types of 
heailache. ('onsei|uently, diverse and, 

•It times, contraiy opinions were held 
and treatment was often empiric, aimed 
principally at relieving discomfort. 

The tibservalions inspired by one 
man changed all this. Harold Wolff, 

Tit/ell Professor of Medical Neurology 
at Cornell University Medical C ollege, 

USA. devoted himsell to unravelling 
the mysteries ol headaches. In addition 
to painstaking and accurate notes made 
at the patient’s l>edside. he earned out 
elabinate neurological tests and de¬ 
tailed physical examinations. Psychiat¬ 
ric Studies were also carried out. Obser¬ 
vations were made during surgery under 
local anaesthesia (where the patient 
remained lully conscious) on the teeth, 
nose, paranasal sinuses, cars and the 
brain and its coverings. I he elleets of 
stimulation various exposed tissues 
were earefully noted. Over the vears, he 
was able to map init the exact location 
of pain felt by the patient when diffe¬ 
rent parts of the nose, throat, teeth, 
eyes, paianasal sinuses, and ears were 
stimulated or irritated. Similarly, he 
was able to delineate the exact sites 
where pain was lelt when arteries on the 
scalp were tugged, crushed or otherw'isc 
I irritated, when aileries supplving the 
brain itself wcie stimulated, when the 
differenl coverings ol the brain were 
'Stimulated at dillerent sites and so on. 

His observations during brain surgery 
on conscious patients produced the 
most dramatic lesulls. In some patients, 
he was able to mimie the development 
of a clot or tumour in the brain by 
inserting a balloon into different parts 
of the biain and then inflating the 

looked at. By the end of the second Headaches produced by brain movements, etc. Delay in diagnosis 
month, everything seemed blurred to tumours and other “space- spells prolonged suffering for the 
her and gradually her vision blacked occupying" or “expanding” lesions patient. Brain tissue damaged by the 
out. She was bedridden, unable to (such as abscesses, cysts, chronic enlarging tumour will not regenerate 

stand without falling. granulomas, etc) are usually progres- and the patient may thus be left with 

It was cfl this stage that the civil sively severe and persistent. They permanent handicaps. Untreated, 
surgeon was consulted. As he looked occur with increasing frequency and the tumour causes eventual corn- 
info her eyes through the ophthalmo* are weyse when the patient couchs or pression of vital parts of the deep, 
scope, he saw marked swelling of the strains. They are usually accompanied centrally situated brain stem resulting 
optic nerves and deduced high press- by nausea and later vomiting. Dis- in coma and death. ^ 

ure within the head. He confirmed turbances in eyesight follow—double 
his findings on X-rays of the skull ^sion. blurred vision, episodic Hamorrti.glc strokM 
which showed the bones forming the blackouts and finally blindness. . 

skull vaiill being pushed apart. He (Even after tumour removal, the Take the case of Firoz. He aspired 
also found evidence of disease in the patient docs not recover vision if to a career in modelling. He, there- 
hind brain. Suspecting a tumour in, blindness has set in before surgery.) fore, took great care in grooming 
the ceiebellum, he advised immedi- In most instances, some form of himself. On the advice ot a friend, he 
ate transfer of the little girl to Bom- dysfunction of the brain is also decided upon heavyweight-lifting in 
bay, where she was promptly admit- noted—epilepsy, abnormal gait, order to make a he-man out of 
led in a public hospital and eventual- weakness of the face or limbs, sen- himself. Though he was advised to 
ly the tumour was removed. sory abnormalities, involuntary start off with relatively light weights. 


balloon. The type and extent of pain 
that followed were carefully recorded. 
Of course, he also noted the type and 
location of pain complained of by pa¬ 
tients who were known to have brain 
tumours. The pain was then correlated 
with the exact location, size and extent 
ot the tumour as noted during its 
removal. 

I'hese studies laid the foundations for 
our present understanding of pain- 


showed, emanated from fatigued, over¬ 
worked muscles in the upper neck, 
stretched coverings of the brain' (in 
particular, the dur/i mater), inflamed 
leptomeninges (pia-arachnoid) and 
blood vessels of the scalp, dura and the 
base of the brain. He also highlighted 
the role of distortion of the pain- 
.sensitive structures in the dura, falx and 
tentorium produced by focal increase in 
intracranial pressure in causing 


f 




Diagram illustrating Wolff's balloon experiment on live humans undergoing bram 
su/'gery. Area of pain resulting from distension and collapse of the balloon in one 
lateral ventricle is shown as shaded areas in 1 and 2 


sensitive structures in and around the 
brain and the significance of different 
types of pain in the head in relation to 
their causes. From the maps drawn by 
Wolff and his colleagues, it is possible 
for the modern clinician to localise and 
define the disease process producing the 
pain. 

Wolff showed conclusively that much 
of the brain itself was totally insensitive 
to pain and could he handled and cut 
into without the patient experiencing 
any discomfort. Most headaches, he 


headache. His studies culminated in the 
publication of Headache and Other 
Head Pain, the 70()-page classic. 

Wolff also exposed the complicated 
nature of the subject. The effects of 
personality, environment, aspirations of 
the individual on the physical and che¬ 
mical effects of the disease process are 
so complex and varied that only a part 
of the various facets of the headache 
syndrome can be evaluated with any 
semblance of accuraev. 

S. K. P. 








so approadied tKe that had. 

just been laid down by a ve^an. Ai 
he took hold of it and strained to lift 
it to his knees, his head feh as if 
something exploded inside. The bar¬ 
bell dropped from his hands and he 
stood dazed. Before his colleagues 
could rush to help, he had saj;ged to 
the floor, clutching his head in pain. 
In a minute or so he had retched and 


paficmt may lieed hospitalisation. Af¬ 
ter a detailed clinical examination, 
x-rays of the head and neck are 
obtained and studied. The electrical 
activity of the brain may be recorded 
(electroencephalogram) and anal^. 
In some cities, it is possible to do 
computerised axial tomographic 
scanning. The films obtained after 
such a scan show the skull and brain 


vomited. He continued to moan with in sections. We can now actually 

pain and kept holding on to his head look into the living brain and study 

as though he feared its coming apart, its various components without car- 

As his friends tried to make him sit, rying out any operation or subjecting 

they noted his neck being rigid as a the patient to any hazard, 

board. Any attempt at moving the 


head or neck brought forth screams 
of pain. It was obvious that he was 
very ill. Later, tests in hospital 
showed that he had bled from an 
arterio-venous malformation within 
the brain. The abnormal mass of 
blood vessels was surgically excised 
and he showed progressive recovery. 

While a person may bleed into his 


VVhm m do whan your haad achaa 

There are thus headaches and 
headaches. Fortunately, most of 
them stem from transient, self- 
limiting conditions and are easily 
cured. Simple measures and an 
analgesic or two may be all that is 


brain following a severe rise in blood 
pressure, another, with normal blood 
pressure, but harbouring abnormally 
fragile blood vessels in the brain may 
also suffer thus. In some, abnormal 
tangles of fragile vessels form during 
the development of the brain and this 
tangle (or arterio-venous malforma¬ 
tion) may give way resulting in bleed¬ 
ing. In others, one or more arteries 
may have developmental weak spots 
which, over time, thin and blow out 
into little balloons. 'Fhe balloon may 
burst at its thinnest part with conse¬ 
quent bleeding. If the blood pours 
predominantly into the water con¬ 
taining spaces around the brain (sub¬ 
arachnoid spaces), the patient suf¬ 
fers severe, splitting headaches that 
later give way to an almost unbear¬ 
able ache spreading from the head 
into the neck and back. He may 
remain fully conscious, but reel in 
agony. Should he bleed directly into 
the brain substance, loss of con¬ 
sciousness and paralysis may rapidly 
follow the severe headache. Since the 
bleeding is consequent to a develop¬ 
mental abnormality in the blood ves¬ 
sels, it is difficult to predict in a 
hitherto asymptomatic individual. 

Unaccustomed physical stress is required. In a few instances, howev- 
likely to provoke bleeding in such er, headache may point to a serious 
persons. It is possible to exclude the underlying disease needing careful 
abnormal vessels from the circulation and, at times, specialised treatment, 
by delicate and highly specialised it is often difficult for a layman to 



surgery. 

Serious brein diseeees 


distinguish the sheep from the wolf in 
sheep's clothing. 

Most headaches, then, will resolve 


The investigation and treatment of 
severe, persistent headaches, espe¬ 
cially when associated with evidence 
of brain dvsfunction are best carried 
out in well-equipped centres. Such 
centres are to be found in most large 
teaching hospitals in capital cities and 


spontaneously or with the help of 
simple measures and a tablet or two 
to relieve the initial ache. Any 
headache that persists more than a 
few days, recurs, increases progres¬ 
sively and relentlessly in intensity or 
reaches a state of constancy should 


prompt a medical coitsulMion. 
when the pain is associated with 
nausea, vomiting, visual disturbance 
or abnormal drowsiness, a sense of 
urgency is imparted to the situation. 
Likewise, any sudden sharp, split-: 
ting headache accompanied by pros'- 
tration, fits or paralysis needs urgent 
attention. If in doubt a'bout the signi¬ 
ficance of a particular headache, it is 
better to err on the safe side hnjd 
consult your family doctor. It ix 
dangerous to persevere with domes¬ 
tic or folk remedies or experiment 
with different pills and potions in 
persistent headache with associated 
symptoms of brain dysfunction. 

In most instances, your family doc¬ 
tor will be able to take care oi your 

f roblem and you need go no further. 

laving started therapy as advised* by 
him, it is important that you remain 
under his observation. Progress and, 
even more important, lack of it, 
should be reported to him. If he is 
dissatisfied with your progress, he 
may request some tests—x-rays, 
blood and urine examinations, etc. 
Where necessary, he may seek coun¬ 
sel from a specialist in cardiovascular 
diseases (as in cases of intractable 
high blood pressure), an endocrino¬ 
logist (where there is unexplained, 
periodic lowering in blood sugar 
concentration), a psychiatrist (where 
a disorder of the mind is suspected) 
or a neurologist and neurosurgeon 
(where disease in and around the 
brain is likely). 

As with medicine in general, pre¬ 
cise diagnosis must precede therapy. 
Once the diagnosis is established, the 
doctor can start appropriate mea¬ 
sures to effect a cure. I'ncsc include 
intensive drug therapy, the insertion 
of a valved tube to drain accumulated 
cerebrospinal fluid, elimination of 
fragile, abnormal blood vessels from 
the circulation and the removal of 
expanding lesions in and around the 
brain. 

Yet, once in a way, doctors do 
encounter patients 'wha perplex 
them. There is the story of the 
patient who went to his umpteenth 
doctor complaining of persistent 
headache. He never drank. He never 
smoked. He never over-ale, and no, 
he never bothered with women. The 
doctor drew a blank on examination 
and on all the tests he ordered. The 
gray-haired doctor looked at the pa¬ 
tient pensively and gently opined: 
“Well, perhaps vour halo is loo 
tight!" 


Dr. Pandya is Professor of Neurosurgery at 
the King Edward Memorial Hospital and 
Seth G. S. Medical College. Parel. Bombay. 
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slot in space 

U. R. Rao and R. M. Vasagam 

With the APPLE mission, space technology in India has taken 
a jump. How was the spacecraft manoeuvred ? 


K OUROU in French Guyana,* 
hardly 30 km away from Devil’s 
Island, which was once a notorious 
penal colony, today serves as a picnic 
spot for visitors and scientists working 
at the vast technological complex Of 
the Guyana Space Centre. At 9.33 am 
local time (18 hours, 03 minutes 1ST) 
on 19 June, Arianc. lifted itself into 
space from Kourou, carrying 
two satellites — ME TF.O SAT 
(meteorological satellite) and 
apple (Arianc Passenger Payload 
Experiment of the Indian Space 
Research Organisation). Sixteen 
minutes later METFOSAT sepa¬ 
rated, followed by the separation of 
APPLE spaccciaft. APPLE, was now 
on Its own, in a highly eccentric trans¬ 
fer orbit with its perigee at 201 km 
and apogee at 36,206 km, circling the 
Earth with a period of 10 hours and 
40 minutes. And the drama which led 
to the eventual placement of apple ai 
its destined position begins unfolding 
with a mathematical precision. How 
was the spacecraft manoeuvred into 
position? What were the problems it 
faced? 

The project apple was born with 
the following objectives in mind: (i) 
build and launch an experimental 
ihree-axis body-stabilised (that is, 
stabilised in all the three axes and 
devoid of roll, pitch and yaw motions) 
geostationary communication satel¬ 
lite with its own apogee propulsion 
system and attitude and orbit control 
system for conducting com¬ 
munication experiments in the 
C-band, (ii) obtain experience in 
injection into a geostationary orbit 
from a nominal synchronous transfer 
orbit and carry out on-orbit man¬ 
agement, including attitude contiol 
and station-keeping, and (lii) conduct 
experiments in communication 
technology and its applications in 
domestic communication, radio net¬ 
working, data relay, remote area 
communication, etc. 

PotMauneh manotuvre 

Since the launchers leave the satel¬ 
lites in a highly elliptical transfer 
orbit, all communication satellites 
require a number of complicated 
manoeuvres to put them in the final 


orbital position. The first step in this 
rocess is to raise the perigee from 
00 km to almost 35,000 km bv firing 
the apogee boost motor, deploy the 
solar i^nels (sec box on p. 66), achieve 
three-axis stabilisation and finally 
move the satellite to its nominal posi¬ 
tion in the geosynchronous orbit 
(synchronous with the Earth’s rota¬ 
tion). This, in turn, should enable pre¬ 
cise pointing* of the communication 
antenna with an accuracy of O.P 
towards a fixed location on the Earth, 
before operating the transponders for 
their intended applications. 

The first step after the injection of 
APPLE into the transfer orbit involved 
the testing of the reception of tele¬ 
metry signals from the satellite 
(downlink) and the status of the 
command uplink. The telemetry 
downlink provided the vital first 
information report on the satellite 
health as apple became visible over 
SHAR within half an hour of the 
launch. The power output from the 
stowed solar panels with a maximum 
array current of 4.84 amperes, per¬ 
formance of the chemical battery as 
well as the power regulation and con¬ 
trol electronics were found to be nor¬ 
mal. The thermal control system func¬ 
tioning was also found to be satis¬ 
factory with almost all the systems 
located inside the satellite experienc¬ 
ing temperatures within the safe limits 
of 0® to 40® C. The first test commands 
were issued successfully within 10 
minutes of the visibility of the satellite 
over the radio horizon of SlHAR, Sub¬ 
sequently, the spacecraft was con¬ 
tinuously commanded from Indian 
and European Space Agency ground 
stations 

The second step was to determine 
the line-of-sight distance to the satel¬ 
lite. This was done by ranging the 
satellite using the onboard Vhf trans¬ 
ponder with the ground-based uplink 
carrier modulated by a number of 
tones. This method exploits the welU 
known Doppler principle involving 
frequency shifts resulting 
from the relative motion of the satel¬ 
lite with respect to the ground station. 
Using sophisticated softwgres that 
tookinto account a host of effects per¬ 
turbing APPLE in its motion round the 
Earth, including gravitational asy- 



Fig 1. Fully assembled apple along with.; | 
MfTEOSAT and cat mated to the last stage of ^ 
the Ariane launcher 


' ’■y 

mmetry arising from the shape of the ^ 
Earth and the atmospheric drag, the ' ;’; 
position of the satellite as a function 
of time was precisely calculated, with i 
a few metres accuracy over distances ) 
of the order of 40,000 km. ; 

The third important step was the v 
determination of the orientation of 
APPLE in space with the help of the ; 
onboard infrared sensor, which , 
detects the crossing of the Earth’s 
horizon, and Sun sensors. Using an j. 
elaborate computer software that : 
suitably modelled the data from these ; 
sensors and through a series of com- >: 
plex coordinate transformations, the 
attitude of the satellite and its spin : 
rate were calculated to better than a : 
fraction of a degree. The satellite was ■ 
found to be spinnii^ at 10.2 revolu- 
tions per minute. R)ur independent v, 
approaches, geometrical, least 
squares, Kalman filter and dynamic •; 
method were employed to confirm '’ 
the results. 

The fourth step was to orient ■’ 
the spin axis towards the desired 
spin vector for firing the 
apogee boost nK)tor (ABM). Even wiA ; 
Ariane injecting APPLE with its spin ; 
axis within 5® of the nominal diree* 
tion, thiee sets of fine attitude trim- ;/ 
mings had to be carried out to finally 
set the satellite .within 0.1® of the ' 
desired direction and keep it ready to ;; 
carry out the first major i 
manoeuvre—circularising and chang-, 
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lydrazine thrusters. I'he precise 
and orientation of the spacecraft as it 
passes through the sixth apogee was 
calculated usim ranging data. Then 
the ABM was l&ed as the spacecraft 
crossed the sixth apoaee point.at 0413 
hours 1ST on 22 June which 
imparted an incremental velocity of 
1,440 metres per second to the satel¬ 
lite. The operation is tricky con¬ 
sidering that a precise velocity incre¬ 
ment has to be imparted by igniting 
the apogee motor around IS seconds 
of its passing the apogee point after 
ensuring that the sateuite spin axis is 
maintained within 0.1** of the desired 
direction. Computations of the orbit 
parameters using extensive ranging 
data gathered over ten hours indi¬ 
cated that the satellite was raised 
almost to the geosynchronous orbit 
with an apogee of 35,900 km and 
perigee of 30,500 km. 

The second major manoeuvre was to 
deploy the solar panels. For this, the 
spin rate of APPLE was reduced to 0.5 
rpm with appropriate thruster firing 
and the pyrocartridges were fired by 
command to enable the release of the 
stowed solar panels through the solar 
panel deployment mechanism. Sub¬ 
sequent analysis of the data indicated 
that only one panel was deployed and 
the other was stuck. Efforts to dis¬ 
lodge this panel by artificially increas¬ 
ing the centrifugal forces through 
spinning up the satellite up to 25 rpm 
failed. 

Having checked and ensured that 
the 140 watts power obtained from 
even one solar panel was adequate to 
fulfil the APPLE mission (which 
requires only 120 watts), the third 
major operation of three-axis stabil¬ 
isation was taken up. The first part of 
this manoeuvre involved acquiring 
the Sun through the Sun sensors. After 
some initial troubles, arising primarily 
from the blocked view of the Sun sen¬ 
sor which could not be deployed, the 
Sun was acquired and the deployed 
solar panel was enabled to con¬ 
tinuously track the Sun to provide 
maximum power output by actuating 
the solar array drive assembly. 

Holding the spacecraft with its solar 
panel facing the Sun, APPLE was 
oriented towards the Earth by sensing 
the infrared radiation emitted by a 
thin layer of carbon dioxide in the 
Earth's atmosphere down below with 
the help of onboard scanning and sta¬ 
tic horizon sensors. With the space¬ 
craft stabilised m three axes by firing 
hydrazine thrusters in this position, 
the momentum wheel was actuated. 
As the momentum wheel slowly 


at itk defigi value df 3,900 ipidt 1 
stabitisatiem of apple spacecraft wtis 
.. transferred to the wheel from the hyd¬ 
razine thrusters on 24 June. Sub¬ 
sequent observations indicated that 
the pitch axis control with the 
momentum wheel was satisfacto^ 
with the pitch error being held within 
0.05® 

In the phase following the three- 
axis stabilisation and pitch control 
with momentum wheel, a series of 
roll/yaw corrections were carried out 
manually through thruster firings 
that brought the roll error to within 
0.1®. Roll was further controlled by 
switching on the magnetic torquer. 
APPLE IS the first spacecraft to 
employ a magnetic torquer for roll 
control in the closed-loop mode. 

Now followed a series of orbit- 
raising manoeuvres to correct the 
residual errors after ABM firing and 
put the satellite in a precise geosy¬ 
nchronous 24-hour orbit. The hyd¬ 
razine thrusters were fired for a total 
of 200 minutes during the period 
24-26 June; this resulted in an apogee 
of 36,950 km, a perigee of 34,700 km 
and a period of 23.96 hours. Further, 
the satellite was imparted a net west¬ 
ward drift velocity of 0.42® per day 
with the satellite at 124® East. On 30 
June, hydrazine thrusters were fired 
again for 8.5 minutes that increased 
the drift rate to 1.75® per day to speed 
up the movement of APPLE towards its 
final destination of 102® East. 

As the APPLE spacecraft 
approached 102® East longitude, hyd¬ 
razine thrusters were fired again on 
12 and 13 July for a total of 11 
minutes to slow down the spacecraft 
and reduce its westward drift from 
1.7® per day to 0.2® per day. The final 
correction was carried out on 16 July 
to place APPLE in a 24-hour orbit over 
102® East longitude and begin its mis¬ 
sion. I'he spacecraft in this position 
will be maintained within 0.1® of 
102® East. 

The time when APPLE was slowly 
drifting towards its final position was 
utilised to check out the performance 
of all subsystems, including com¬ 
munication transponder payloads on 
the spacecraft. In addition to verifying 
the gain, distortion characteristics and 
other technical parameters, both tv 
patterns and live signals were trans¬ 
mitted via APPLE from the 
Ahmedabad Earth Station. 

The anxious moments 

In a complex mission like appi:e. 
there are bound to be unforeseen 
eventualities that could tax the brain 
of even the most resourceful scien¬ 
tist. To overcome such situations, 
contingency and work-around plans 
have to be made after understanding 
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e shall 

discuss a few such events and the way 
they were tackled. 

the sun sensor pumdox: Soon after 
the injection of APPLE, the mextsure- 
ment of the spin rate of the satellite 
with the help of the twin-slit Sun 
sensor ran into difficulty since the 
output from the sensor appeared 
abnormal. Switching over to the re¬ 
dundant sensor by a ground com¬ 
mand did not improve the situation. 
A two-pronged attack to solve this 
problem was mounted. The pro¬ 
totype of APPLE was used to simulate 
the on-orbit situation which revealed 
that at low spin rates, the combined 
response of the sensor and its front- 
end electronics was indeed sluggish. 
This meant that a direct measure¬ 
ment of this important parameter 
was out of the question. Meanwhile, 
spacecraft experts stationed at SHAR 
ploughed through the ma/e of com¬ 
puter data from the sensors to find 
alternative ways of extracting 
this information. And within an 
hour, they came up with the ing¬ 
enious suggestion that a particular 
combination of data from the Sun 
sensor and the infrared horizon sen¬ 
sor. that involve the transit lime 
signal from these sensors their 
field of view successively swept 
across the solar disc, could he used to 
derive tlie spin rate parameter. I'he 
computer programme developed for 
accepting the normal type of data 
from the Sun sensor, was quickly 
modified taking into account the 
anomalous effects and the spin rate 
was derived to be 1()..S rpm and that 
too to an accuracy better than an 
eighth of a millisecond, far in excess 
of w'hat was needed for the mission. 

The ABM puzzle: The crucial 
sixth apogee at which theABM 
had to be fired was fast approaching. 
Preparatory work was. initiated 
almost two-and-a-half hours 
before this critical one-shot 
operation. The sequence of 
operatiims included checking aiid 
verifying the reliability of the uplink, 
configuring the onboard icJemctrv 
system to enable near-continuous 
monitoring of the critical paramctcis 
relevant to the ABM operation, moni¬ 
toring the temperature distribution in 
the satellite, arming the abm prepa¬ 
ratory to its firing and finally issuing 
the critical command that ignited the 
motor. I'he suspenseful moments im¬ 
mediately following the firing of ABM 
were further accentuated by the sud¬ 
den loss of the telemetry signals from 
the satellite for the next .t2 seconds 
by all the ISRO and esa ground 
stations. Even though in retrospect 
this loss of signal could be inter¬ 
preted as the resub of the intense 


ofthe moun: 

and as such a positive indication of 
the motor, ignition, the immediate 
reaction at the mission control was 
one of extreme concern. As sexm as 
the downlink was restored, data were 
searched to find the first evidence for 
the success of the ABM firing. 7’he 
Sun sensor showed that there was no 
appreciable deviation in the orienta: 
lion of the satellite. There was a 
small change in the spin rate and the 
motor temperature indicated a slight 
:warm-iip. But the crucial issue was 
how to quickly confirm the fina' 
performance of the ABM. Genera¬ 
tion of the new orbit information 
through extensive ranging and orbit 
computation was likely to take not 
less than six hours. 

In these anxious moments, a new 


Apogee motor firing at 
6th apogee 

22June - 


plexthe. While it wak geifieiraiti^ 
eluded that only one of‘the 
panels had deployed, it was not 
whether the north panel had 
ployed or the south. Through 
ful analysis of the sensor data. espe^|3 
cially those from the stcradianSu^JCT 
sensors (Sun sensors with an opening 
angle of four -t degrees) mounteifffv^S 
under the solar panels, it was 
eluded that only the south panel ' 
had deployed. This, in turn, posed 
new set of challenges not foreseen in 
the mission operatiims plan. 

Fhe first concern was the question 4^ 
of attitude stability of the satellite 
due to unbalanced perturbation tor-:'; | 
ques such as that arising from thii 
solar radiation pressure. A quick 
calculation established that thiti';|| 
aspect is not likely to be critical^ 


Normal mode of the satellite 
__ 


Spin up to 60 RPM 


T ransfer*”^ 
orbit 


Injection of payload 
in transfer orbit 
200 X 36.000 km 
10.5 deg, 10 RPM spin 
19 June 


Earth aquisition. momentum 
Solar panel deployment wheel spin-up, three-axis mode 
and Sun tracking 22 June June 

Fig 3, Major manoeuvres to place the APPLE spacecraft in the geosynchronous orbit 
over 102<> bast longitude 


idea was born. I hc infrared horizon 
sensor that measures the width ol the 
Earth infrarctl cmissitm layer could 
enable the computation t>f the satel¬ 
lite altitude, if its orientation in space 
is known a priori. It was quickly 
computed that the pulse width Irom 
the sensor should become /.ei(> at 
exactly 25 minutes Irom the lime of 
ABM firing, it the orbit is geosialion- 
arv. If the spacecraft continued to he 
in the elliptical transfer orbit, it 
should happen only after 50 minutes. 
But precisely at 25 minutes, it was 
eontirmed through the pulse width 
indications that the perlormancc of 
the apogee motor was normal and 
that Al*P,i.l- w^as in the desired geosta¬ 
tionary orbit' Hours later, precise 
orbit compulations from the tracking 
data confirmed these preliminary re¬ 
sults of the horizon sensor. 

7'hc '•okir piuh J thiU did not dephn". 
When the eommards for deploying 
the solar panels Ivom their st(»W'cd 
positions were issued,'the first indica- 


even though ihcle could be higher,. 
roll vaw error build-up requiring^’ 
more f r e c| u e n t corrections.' 
Another source of problem was 
Ihc shielding ot the optical 
solar reflectors used tor thermal con^ 
irol by the north-side slowed panel. 
riiermal simulation runs in the com¬ 
puter revealed that there ct>iiki be * 
thermal build-up resulting in in- ‘ 
creased temperatures at some of the 
subsystem locations. A plan, involv¬ 
ing controlled power dissipation and 
load-shedding, was evt>lved to main¬ 
tain the temperature within reason¬ 
able limits. 

Three-axis stabilisation: With the 
problems posed by the shielded Sun ' 
sensors, an aiicrnatne way Had to he 
found to acquire the Sun. Alter 
reviewing all the possibilities, it was : 
decided to try this operation with the 
fine Sun sensor even though its field, 
of view was limited, lo ensuic that 
the fine Sun sensor sees the Sun,’ the; 
satellite spin axis was orknled at 




Fig 4. Live tv picture transmitted via apple. 
The received picture (rx, right) shows slight 
difference in the expression compared to 
the transmitted one (tx, left) because the 

with respect to the direction oi the 
Sun. As anxious minutes trickled by, 
waiting for the accjuisition of the >Sun 
along the roll ii.xis. ii uas found that 
only the piieh error had reduced 
whereas the yaw error was huildinu 
Up. Analysis ot this pu//ling situation 
. led to the conclusion that the sun- 
presence signal was available only for 
a short time because oi the partially 
shielded Sun sensor, resuliing in 
problems of quick response ot the 
control system. I'o circumvent tliis 
difficulty, an ingenious idea of spin¬ 
ning the satellite in the reverse direc- 
ition was suggested. This could in- 
..crease the overall lime available for 
'Sun acquisition. I'his trick clicked 
and the roll channel was able to lock 
^on the Sun direction perfectly. 

Immediately lollowing Sun ac¬ 
quisition, commands tor harth ac¬ 
quisition were given. I rom the alti¬ 
tude of the satellite, the Farth 
. appears as a small disc of appri>\i- 
mately 17..*^' and lor harih acquisi¬ 
tion this results in a short duration 
window of one hour. With the arrival of 
the Harth-presence signals, com¬ 
mands were issued to capture the 
Earth in the pitch loop. li\ the time 
the command was executed on 23 
June, visibilitv was over lor the dav. 
and the operations had to be sus¬ 
pended. IK>wevef, the pitch loop 
controller continued to search the 
Earth and in that process developed 
large pitch errors. 

While restarting the l:arih aequisi- 
jlion procedures again the next day. it 
vyass noticed that the satellite had 
developed an unexpeetediv high spin 
'■ Vflte i>l 24 rpm. .Analysis ol all the 
previous operations and theii impact 
on the satellite dvnamies led to the 
conclusion that during the previous 
day's imsucecssful harih acquisition, 
the Earth sensor eoniituicd to give 
maximum signal which resulted in 
large disturbances in pitch direction. 
In course ot time, the pitch got 
converted to vaw and since the yav\ 
axis had the maximum namieni ol 
inertia, the spin got stahiliseil around 


received picture actually corresponds to the 
one transmitted 300 milliseconds earlier 
from the ground, the time-lag for tv signals 
to travel to and from the spacecraft 

the yaw axis. 

Having solved the mystery of the 
anomalous high spin, preparations 
were again initialed for Earth ac¬ 
quisition after necessary despin and 
reverse spinning operations. Ihe 
second attempt proved successful 
with the closing of the pilch and roll 
loops occurring within minutes ol the 
Earth acquisition. 

The satellite was thus stabilised 
with the roll and pitch signals from 
the scanning hori/on sensor and the 
yaw error signal derived by onboard 
computation using the digital Sun 
sensor output. Ihe thrusters m all 
directions were firing to ci>rrecl the 
residual errors and finally the fre- 
quenev of thruster firing reduced. 
I he satellite became three-axis sta¬ 
bilised. A few minutes were leti to 
allow the iTscillalions U) die down. 

Al*tM L initially carried 42.5 kg ol 
hvdrazinc fuel tor allilude. orbit and 
St a I ion-keeping manoeuvres, of 
which about .^(1 to 35 kg was ear¬ 
marked tor allilude and orbit man- 
oeuvics. After placing AI>tM I in the 
geos>nchronous orbit over 102 ‘ East, 
the fuel budget indicates that about 
35 kg ol fuel has been spent so far. 
leaving about S kg for slation¬ 
keeping during its pro|eeted mission 
duration of one year. 

The challenge 

APIM I is a tangible evidence ot a 
quantum jump in isROs technologic¬ 
al capability to the level of building a 
three-axis stabilised geostationary 
eommunications satellite and estab¬ 
lishing the neeessarv mirastruclure to 
integrate. tesU operate arid utilise it. 
Only the USA, hut ope. the USSR 
and C'anada have demonstrated such 
capability. 

The manyfold advantages of a 
communication satellite to a country 
like India in providing improved tele¬ 
communication services with mini- 
niiim dependence on terrestrial links, 
practically maintenance-free TV dis¬ 
tribution and radio networking sys- 


ard now wd 


will make such applications feasible, 
other experiments subh as edu¬ 
cational TV , computer inter¬ 
connection, remote area and 
emergency communication and tele¬ 
conferencing will also be carried out 
using transportable two-way earth 
ternnnals and small communication 
terminals for receiving only. And 
despite only one C-band transponder 

being operated at a given time, APPLE 
will nave tne capamiiiy to provioe an 
equivalent ol one colour tv or 600 
voice communication channels 
(“What APPLE means", Science 
Today, July 1981, P.63). 

The era of satellite communication 
for India is just round the corner. 
iNSAT, the first operational three- 
axis stabilised multipurpose com¬ 
munication satellite, is scheduled to 
become operational within the next 
year and provide communication, I V 
and meteorological services to the 
entire country. Two satellites, pro¬ 
cured from the USA. are expected to 
provide these services for the next 7 
to 10 years. The successful comple¬ 
tion of the APin r programme has 
now given greater confidence to build 
future operational communication 
satellites which will follow' the IN 


SAls. 


Meanwhile, ISRO has already be- 
guTi the design of a semi-operational 
Indian Remote Sensing Satellite 
(IRS), the first of which is expected to 
he ready lor launch in 19S5. iRs* I is 
being designed to carry multi- 
spectral cameras to pixivide resources 
information on iigrieulturc. torcslry. 
hydrology, geology and land usage 
with a resolution of about 40 
metres—a significant leap over what 
was achieved by Bhaskara. I he de¬ 
sign of IRS. which is a three-axis 
stabilised spacecraft, employs all the 
technological experience gained 
through Bhaskara and appi.f. apple 
and Bhaskara have thus enabled 
ISRO to move from an experimental 
stage to an operational era. 



Prof. Rao is Director of 
the Indian Space 
search Organisation 
Satellite Centre atj^ 

Bangalore. The design i 
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Rohmi and apple satellites were earned out 
under his overall guidance. 


Mr. Vasagam heads the 
Control and Sensor Di¬ 
vision of the ISRO Satel¬ 
lite Centre, Bangalore. 
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Director for the apple 
Spacecraft Project. 







FUN WITH MAIH5 


Peculiarities of 1089 

Tiif four digit number 1089 has a number 
ot interesting properties, among them are 
some which arc unique to it among all 
tour digit numbers. 

Firstly, 1089 is a square number, the 
square of 33* It is not itself a palindromic 
number, that is. a number which remains 
the same when its digits are written in the 
reverse order, for example, the numbers 
17371, 1001, etc. 1089 however can be 
written as the product of two palindromic 
numbers. Since it is the square of 33, a 
palindromic number, this property is 
obviously satisfied. But there is another 
wav too', 1089^11x^9. 

It has another property which is also 
connected with palindromic numbers. 
The digital root of a particular number is 
obtained by summing its digits, and if 
necessary the digits of this resulting sum 
:Mid so on. until we get a single digit 
number. So 1251 has the digital root 
14 24-5+1 M. h)i 723S1. we lia\e 
7+2+3+8+1 = 21. a two digit number. 
So we sum digits again, 2+1 =3 to get 
the digital root. Now. 10S9 can be ex¬ 
pressed as the product of Us digital root 
and a palindromic numhei. The digital 
tool of I0«V IS and .Wv. 3 , 

Now for Us unique propeities. lOSM is 
llie only lour digit numhei which is 
reversed when multiplied bv 9, riuis, 
KISyvg^MMOl. 

The next property of 1(189, I will call 
the '^ameolil numhei pi opei In ".Take the 
mini her. reverse the order of its digits 
and add (his number to the original 
number. Take the result and subtract 
Iri'm it the number tormed by reversing 
the order of its digits, 1 he number now 
has the “same old number pioperly” 
when the final result is the original, same 
old nurnbci! 1(189 is the only four digit 
number to have this properly. Thus, 
1(189 4 9801 - 1089(1 
10890 ‘ 09S0I -- 1089. 

There is a simple proof of why 1089 is 
(he only four digit number possessing 
these properties. If you work it iiut you 
will also be able to say whether there arc 
any numbers with five, six or seven digits 
w'hich also satisfy tliesc properties. 

The last interesting property, not uni¬ 
que to 1089, is connected with prime 
numbers. There is only one way that 1089 
can be expressed as the sum and the 
difference of two primes, one prime 
being common to both. Thus, 

1089 == 1087 + 2. 

1089 * 1091 - 2 
(’an you guess why? 

(Answers next month) 

D.V.RAMA KRISHNA 

Mr. Rama Krishna studies at the (Engineer¬ 
ing College, Anantapur. Andhra Pradesh. 
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Magic squares with 
alternate subtraction 

A VAKibTY of interesting magic squares 
have been described by K. N. Maluthi 
(Sc'itNt h Today. February 1981. p. 51) 
Below arc two magic squares. 3 x 3 and 
■ 5 X 5, respeclivelv .of an interesting vanc- 
Iv. Take any row. column or mam diagon¬ 
al. Then, prc.serving the order ot the num¬ 
bers. avkl together the numbers in the odd 
numbered cells and subtract those in the 
even numbered cells and the result will be 
the same. 

For example, in A, the first row gives 
2 + 4-1 = 5. the second column gives 
|+g-5=s5 and the main diagonals give 
2 + 8 - 5 = 5 and 4 + 6 - 5 = 5 . For 

142857 explained 

I). R Kaim<i kak had described a vciv 
interesting property of the number 
142857 in a previous issue (Sell N( i 
Todav. May 1981. p. 55). Take any 
number formed by the cyclic arrange¬ 
ments of Its digits and square it. Now cut 
the number into half and add togcthei the 
two numbers which result It this sum has 
more than six digits, then add the left¬ 
most digit to the rightmost one to make it 
a six digit number. The digits ot this 
.number will now be a cyclic arrangement 
of the digits 142857. 

Dr. Pialipkumar (.'haudluin from Pie- 
sidenev ( ollege. ( alciilta. and Mr. AU>kc 
Majumdar from Nagpur have both sent in 
explanations of this behaviour of 142857. 
We give below an explanation based on 
the shorler and simpler one sent bv 
Dr ( haiidlniri. 

rhe number 142857 and the numbers 
obtained by a cyclic rearrangement ot its 
digits can all be expressed as multiples of 
142857. Thus, 

N,, = p X I42S57, where p = 
1, 2. 3. 4, 5, or 6 

But 142857 can itselt be expressed in 
two wavs, so that 

N,, = p X 999999/7 -A 

Np=p(7x2()4()8 + 1) -B 

Multiplying the right hand sides of A 
and B will then give us the square of Np 
so, 

(Np) = p X 999999/7 X 

p(7x2(l4()8+l) 
= p.x 999999 X 

(204(18+ 1/7) 
= p(l(J'-l)x 

(20408+1/7) 
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B. the second row gives (6 + 9 + 20) -'ij 
(12 + 10) = 13, the fourth column gives 
(7 + 11 + 19) - (10+ 14) = 13. 

Adding any number to all the cells 
in the square will not change the proper^ 
ty. though It will change the constant 

G. S. DHAMl i 

Mr. Dhami is studying at the P.G. CoMegttv 
Pithoragarh. Uttar Pradesh. 

= 204()8pv|(i- 

-2(M(l8p +142857p; 

= 204()8p X 10’ 

+ 122449P' 

I'he number will thus consist of two 
blocks, namely, 204()8p (the first six 
digits) and 122449p (the las! six digits, 
though a carry to the last digit in the 
earlier block is possible). If we now halve 
the number and add the halves together 
we get 204()8p’ + I22449p’ = 142857 P‘ 
As we saw earlier, the result must be 
one of the eyelic arrangements of 142857. 
except that the carry should be added to 
the units digit. But the carry w'ill not j 
matter since it will later be added up 
anyway when we reduce our result to a 
six digit number. 

P. V. P, 


The doodling professor 

My doodling friend. Prof Longnumber, 
had found a curious property of some 
numbers. When the digits of these n-digit 
numbers are raised to the power n and 
summed together, the result is the num- 
l>cr Itself’ He had reported 7 of these 
numbcis (St'ihNt i Today. August 
I981.p.39) and maintained that there 
were at least 15 other such numbers of up 
to ten digits. Prof Longnumber's other 
numbers are: 153, 370, .371. 1634, 8208, 
54748, 92727, 1741725, 4210818, 
9800817, 24678050, 24678051, 146511208, 
472335975, and 534494836. 

K. N. GORDHANDAS 

Mr. Gordhandas is a mining engineer in 
Bombay. 
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TELLU5... 


...why people suffer from allergies? 


I vr K heard the story of the over- 
cnthiisiastic servant who tried to kill the 
ti\ silling on the king's nose—with a 
machete? Allergies constitute a similar 
f>henomenon: a system devised by nature 
fMiinatilv to protect the human body 
lums over-enthusiastic and. instead, 
brings discomfort to it. That is why they 
aie also known as •‘hypersensitivities". 

Mammals, particularly humans, are 
eiulowed with a unique mechanism which 
1 detends the body against disease-causing 
iiitections. This mechanism, known as 
immunity* is responsible for the mamifac- 
ime of a special class ol proteins m 
lesponsc to an invading foreign sub¬ 
stance. 1‘hese proteins are called anti¬ 
bodies and the toicign substances tlial 
iMceer the svnihesis ot antibodies aie 
known as antigens. The antibodies arc 
liigblv * specitic ‘ to the antigens, that is. 
.iiitibodios to antigen A arc useless 
.iiMinst antigen IT although siriietuialK 
boili the antibodies are not dissimilar. As 
.1 ii-sult ot this speeitieit\, the antibodies 
i.m bind stiongK to the specilie antigen 
•md inaelivate it II the antigen is picsenl 
on a disease-causing organism, this 
binding t>t antiliodN becomes fatal to it. 

I be antibodies belong li^ a class ol 
proteins collectively known as immuno¬ 
globulins. (Ig for short). Of these, the Igh 
!vpe i>l tintibinlv is usuallv the culprit loi 
Inn'gme on allergit ilisorders. Allergic 
<mlilH)dies are called 'rcagins ‘ aiul aic 
made b\ peiiple who arc allercie in 
icspoiise to weakK antigeme. normallv 
h.nniless. siil>st.inees -the allergens. The 
iL'iniime aniihiHlies have a strong alhniiv 
loi hxaiion to mast cells -nr skin oi 
iiuu’ous sui laces. No Inum results when a 
pci son cntoiinleis <in alleigen h>r the In st 
lime blit leagms lorm aiul bind li> mast 
(.ells When the allergen enleis the bod\ 
loi the second lime, it latches im to the 
cell-bound reaginic antibody. This anti- 
I’en antibodv union lets loose a complex 
Uiain ol leaetions, icsultmg m the iiip- 
tiiro of mast cells with expletive disiniep'a- 
iion of the granules stuffed in.side. 'I his 
m turn leads to the release ol some 
poweilul pharmacological agents which 
include liistamiiie. aorolonin and 
Itepaiine. 

Histamine dilutes the small blooil ves- 
si Is, allowing excessive amounts ol tinid 
In leak tliroiigli. I his causes swelling It 
also contracts muscles inside the bron¬ 
chial tubes of the lungs, leading to their 
constiiction. C'onsequenllv, the person 
buds It dilticult to biCiithe. Asthmatic 
lUacks result. A lew other mediators 
^'hieh have not vet been fully eharacte- 
JiNCd ate also icleased. These include 
slow leaetinu suhslanec isKs-M or 


platelet-activating factor ti'AI r which as 
the name suggests, activates the platelets. 
Platelets are the little pieces ol cytoplasm 
floating in the blood that arc vital to 
blood cloning. These chemicals arc re¬ 
sponsible lor severe inflammation. 

Although the biochemical events lead¬ 
ing to the explosive fragmentation ol the 
mast cells and subsequent release of 
pharmacological mediators have now 
been worked out it still remains a mvsieiy 
why the union ol antigen ami antibodv 
occurring at the cell surface should initi¬ 
ate this chain ol events. One viewpoint 
holds that this mechanism was devised in 
order to deal with,the paiasiiie or bacte¬ 
rial nitcciions. si> that the causative 
oiganism can K- ellcctivelv ilealt with hv 
bringing in the helpliil • granulocvtcs*. 
The giaiuiiiwytes aic aiiiacted by intlam- 
malion as well as the allractani properties 
of the released chemicals. If so. the 
reaginic antibodv seems to be a per ver¬ 
sion ol this henelieial ilevice 

Neailv ten per cent ol the populalion 
sufleis liom allergies ol one soil oi the 
other. Airborne extrinsic alleigens like 
pollens or miles in the dust can cause hav 
lever which is accompanied by itehmess 
in the nose and eves, mllanimahon ot the 
mucous membranes lining these organs 
and excessive mucus formation, li may 
take the moie severe foim of asthma 
where the delie.ite mucous linings ol the 
ail passages in the lungs aie allcvled. 
Ilcic*. tot) e.xcess mneus loi malion 
occiiis and that is whv the asthmatic 
patient coughs up thick sputum. 

Allergens can come m the form of 
foodstuffs, too. Those sensitive to delica¬ 
cies sueli as sir aw lien les or shell lish 
suflei from iiitieana. resulting in a swol¬ 
len appeaiance. .Some alleigens cniei 
Ihiough the skin on eonlacl Ihese. loo. 
can cause anv ol lire above svmptt)ms oi 
bring about the toimation ol hives 
ileliv . raised, angry-looking lumps in the 
skill, which disappcai a!lei a while A 
verv acute hvpersensiiivc le.ictioii cmii 
cause a generalised “anaphylactic shock", 
and. occasionally, even death. There 
are eases wheie a mere bee-s-siing lias 
lesultCil in death due (o such a strong 
anaphylactic leaclion to the toxin in the 
sting. Fortunately, such instances are rare. 

Ilistammc is also released wheievei 
tissue IS damaged The bodv has an 
eii/vrtte. Iiislaminase* which controls the 
locks ol hisianiine. It seems tliat allcigic 
patients are deficient in hisiaminasc and 
iicncc eanm>t take eau ol its excessive 
secielion. Mowevei. theie is »i laiilv 
siiong hcivditarv tciulencv towards allci- 
gic disposition. This does not mean that a 
person IS susceptible to the same allergen 


as his parents, but there usutdiy is a 
family history of hypersensitivity of one 
form or another. 

is a family history of hypersensitivity of 
oiic form or another. 

llvpcrsensitivity to a possible allergen 
can be determined bv what is commonly 
known as a skin test. In this, the stispeel 
allergen is introduced iiist under (he skin 
in the forearm m minute quantities that 
arc unlikely to cause the discomforts 
accompanving a full-blown anaphylactic 
response. But this amount is sutlicient t<i 
trigger alt the initial reactions resulting in 
redness or swelling m a short time. 

F^rcscntly. there are three ways 
wavs. The simplest is avoidance ol the 
allergen it it can be idcntilied. When an 
allergen is present in ihc atmosphere it 
mav not he possible to avoid it. in Mich 
ca.ses, antihistaminic drugs are given to 
counter the effects of histamine release. 
Alternatively, other drugs, like 
epmephrme. which pi events the release 
ol the pharmacological mediators aic 
prescribed I here is a thiril method, 
known as dcsensitisaiion. In this, the 
patient is mitiallv given veiv linv doses ol 
(he allergen which cause no harm, (ira- 
dn.illv, the dnse is incieased till the 
patient acqunes tolerance to the doses 
which had previously caused severe 
problems. 

Yet another form of allergy which is 
mediated, not by the IgH antibody, but 
through another type ol antibody, the 
Ig(i, IS known as immediate livperseiisi- 
livily. In tins, the alleigen on enirv hinds 
to the speeilie lg(» ami this Ireelv eirciiiat- 
ing antigen-antibody complex activates a 
group of proteins present in blood 
(collectIvelv known as complement) 
therehv attiacting the polvimirtdiomic- 
leai leiicoevtes. a kind ol white blood 
cells On contact with the complex, these 
cells release tissue-damaging en/vnies 
lesiilting m inllammatinn oi swelling. 
Alternalivelv. the antigen-antibodv com¬ 
plex can cause aggregation of plntelejts 
which can eithei bring about secielion ol 
chemicals that ailed the blood vessels or 
adveiselv vlistinh the blood-clotting 
mc*ehamsm I hese reactions arc manifest j 
m a relalivelv short time, whence comes 
the name “immediate hypersensitivity**.; 
Most ol Ihc* hv|»erscnsitiv ilics to drugs 
like pemcillm belong to this eategoiv. At 
limes, alllioiigh laielv. hvpersensitivity 
can be so seveic as to cause deaf It. unless 
pronipi icsloralivc action is taken. 

Alleigies can thus be seen as a heneli- 
cial proieelive system gone havwlie. 

G. P. PHONDKE 
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SUBSCRIBE TO NEW SOVIET JOURNAL 


SIX ISSUES IN A YEAR 
(PUBLISHED IN ENGLISH LANGUAGE) 
SUBSCRIPTION RATE 
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190-B. KHETWADI MAIN ROAD 
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a) Bindu Chowk. Kolhapur 
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c) 562. Sadathiv Path. Puna-30 
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^PEOPLE'S BOOK HOUSE 

RELIEF ROAD GHEEKANTA CROSSING 
AHMEDABAD-380001. 

for further details write to : 

USSR BOOKS & PERIODICALS 

SHOW ROOM 

VASUNOHARA. B. DESAI ROAD 
BOMBAY-400026. PHONES: 366640, 386842. 


AH AID TO THE INTELUGEaiT 
CffERAnOH^TOUR 
(XXIITrrER EODIPNEMT 



SERVO-awntOLLED 
VOLTAGE STABILISER 

The Protector that 
needs no protection. 

• Uses DC motor for high 
correction rate of 35V. sec. 

• Minimal overshoot • High 
efficiency 95'',. • Built-in meter 
for measuring input and output 
voltage • Reliable, solid-state, 
integrated circuitry • Ease of 
serviceability • All-India servicing 
centres • Conforms to JSS 
55555 specifications 



For more information on what tha Nalco 
SCVS can do for you, write to: 


THNNMioNALnAaio A ■LRcmcMueueojra, 

Wallace Flour Mitt Compound. Tukaram Jawji Road. 

Off Naushir Bharucha Marg, Bombay 400 007. 

Tel; 397504/897786. Grams: NELWAL. 
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YOU lOO CAN DO II 


Undervoltage alarm for cars 's 


THIS is a fully solid-state undervoltagc 
alarm for cars. It gives an audio alarm 
when the battery voltage of the car drops 
below 10 volts. The device can be used 
with any car having positive or negative 
ground system with 12 volt battery. 

The device uses one integrated circuit, 
two transistors and a few other com¬ 
ponents. For ease of understanding, the 
circuit can be divided into three parts, vi/ 
undervoltagc sensing circuit, an astable 
multivibrator using IC 555 and 
loudspeaker driving circuit using a 
medium power transistor 2N5294. An 
additional alarm-reset circuit using a sCR 
2N1599 is also shown in the diagram. 
When the alarm starts, one can reset the 
alarm just by pressing the reset push¬ 
button. 

When the car battery voltage is 10 volts 
or more, the 10 volt zener diode comes 
into conduction. The resultant current 
through the 330 ohms resistor develops 
sufficient voltage to drive transistor 
Bt 107 into saturation and the transistor 
in ruin clamps the reset terminal of the ic 
S55 to ground. This makes the ir astable 
multivibrator unoperative. 

Whenever the battery voltage falls 
below 10 volts, the 10 volt zener diode 
becomes non-conductivc. Thus, the trans¬ 
istor BC 107 cannot keep the reset ter¬ 
minal ot the ir 555 clamped to ground and 
the IC’ 555 goes into astable operation, as 
explained below. 

fhe IC 555, used as an astable, le free- 


running multivibrator has its trigger ter¬ 
minal 2 connected directly to the 
threshold terminal 6. Thus, to start with, 
the 0.1 mfd timing capacitor has nojcharge 
over it. This triggers the lower comparator 
which, through control flip-flop and 
inverting amplifier, drives the output high 
and simultaneously makes the discharging 
transistor Q14 non-conductive. This 
causes the capacitor to charge through the 
IK and 4.7K resistors. When the 
capacitor charges to 2/3rd Vcc, ie the 
threshold level of the upper comparator, it 
resets the flip-flop, which in turn drives 
the output to its normal low state and 
brings the discharging transistor back to 
conduction. As the terminal No. 7 of the 


1C is now clamped to ground through the 
discharging transistor, the liming 
capacitor, instead of charging, starts dis¬ 
charging through 4-7 K resistor. The vol¬ 
tage across the timing capacitor falls. 
When the voltage falls to l/3rd Vcc level,, 
the lower comparator gets triggered and 
once again changes the state of the output 
and discharging transistor. This causes the 
capacitor to charge again. This completes 
one cycle and initiates the next. 

'I'he process continues, making the 
capacitor charge and discharge to 2/3rd 
Vcc and l/3rd Vcc levels, respectively. 
The circuit goes through about 1500 
cycles of operation per seexmd. The repeti¬ 
tive high and low going output provided 
by this stage drives the loudspeaker- I 
driving transi.sioi and the loudspeaker ! 
produces an audio alarm. 


A • UPP6A COMPAftATOa B - LOWSR COMPARATOH P CONTROL f UP FLOP 
0 • INVERTING AMPLIFIER QU - DISCHARGING TRANSISTOR 
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The SCR alarm-reset circuit is for reset¬ 
ting the alarm after you have noticed the 
battery undervollage condition. By pres¬ 
sing the reset push-button, the normally 
non-conducting SCR gets the necessary 
trigger current through its gate-cathode 
path and comes into conduction. The 
. resultant current through the anode- 
cathode path of the SCR Hows through the 
330 ohm resistor. This drives the trans¬ 
istor BC 107 into saturation and the reset 
terminal of the ic 555 gets clamped to 
ground and the alarm goes off. 

As you already know, the SCR once 
brought into conduction regains in con¬ 
duction lilt its anode current is interrupted 
by some external means. Thus, when the 
reset push-button is pressed, the SCR 
comes into conduction and remains in 
I conduction till the ignition switch is 
switched off. When the car is started again 
the alarm will also start, provided the 
undcrvoltage condition also exists. 


You will need 

Semiconduciors: Integrated circuit ic 
555 - 1 No.; Transistors: BC 107 - 1 No.; 
2N5293 to 2N52% (any one) or any other 
equivalent silicon npn medium power 
transistor - 1 No,; Diode: BY 125 - No.; 

Zener diode: lOV 400 mW - 1 No.; SCR 
2N1596 to 2N1599 (any one) - No. 


Capacitors: Ceramic or polyester: 0.01 compemnts in Bombay market, Rs. 60. 
mfd -1 No.; 0.1 mfd - 1 No. 

Misc.: Fuse I amp with holder, solder 
Resistors: 330 ohms - IW - 1 No.; (All wires, screws, suitable enclosure, nor- 
othcrshalf-watttype.)4 7K-lNo,;lK-3 "'ally open push-switch, conWtor, ic 

experimenter’s veroboard, etc. 

Nos.; 100 ohms -1 No.; 33 ohms - 1 No. 

Loudspeaker. 8 ohms-lW 


Approximate cost of the above electronic 
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For further details contact: 

Lawrence & Mayo (India) 

Private Ltd. 

76, Janpath, New Delhi-110001 
Technical Development & Vacuum Centre, Hyderabad 
Branches : Bombay d Bangalore # Calcutta B Delhi 
• Madras B Secunderabad. 


the whole spectrum 
of vacuum pressure from 
S mbar down to 10 ^mbar. 

* Vacnik Gauges—measure, control and protect 
* They are precise, sensitive and economical. 

* Their rugged construction, both of gauge 
head and control unit,makes them particularly 

useful in Laboratories and Industries. 

* They have positive advantages over other 

gauges in this range. 
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Magsaysay Award for ‘‘Jaipur 
foot” designer 


DR. Pramod Karan Sethi has been named 
winner of the 1981 Ramon Magsaysay 
Award for community leadership. 'I'he 
Award foundation cited Dr. Sethi’s 
achievement in improving on the elabo¬ 
rate and expensive artificial limbs 
developed in industrial countries, which 
had not been found to meet the needs of 
amputees in India's rural areas. The 
artifidal leg, called **Jaipur foot”, devised 
by Dt. Sethi and his associates, has 
enabled crippled and poor rural folk to 
furin and climb trees and to lead pro¬ 
ductive lives. Dt. Sethi is head of the 
Department of Orthopaedics at the SMS 
Hospital, Jaipur. 

Using age-old casting methods. Dr. 
Sethi and craftsman Ram Chandra pro¬ 
duced a die which enabled them to pro¬ 
duce an 'artificial foot that would respond 
more like a real one. Small entrepreneurs 
helped in producing the Jaipur foot by 
I dreading truck tyres. 

I he award, named aftci the late Philip¬ 
pines President. Mr. Ramvm Magsaysay, 
carries a cash prize of $20,000. 

Award for R.V. '*Gaveahani'' 

R V “Gave^hani", the floating labora¬ 
tory of the National Institute of Oceano¬ 
graphy has been given the exceUenoe award 
toi 1979-KO by the India Meteorological 
Di pditmeiu. The award is given to a ship 


which transmits important weather obser¬ 
vations expeditiously to the nearest 
coastal radio station, enabling weather 
forecasters to locate and track storms. 

INSA awards for young aelantista 

Twenty scientists aged below 32 have 
been selected for the 1981 Indian 
National Science Academy awards for 
their achievements in various disciplines; 
each will receive a cash award of Rs. 5,000 
along with a medal. They may also be 
considered for grants it) enable them to 
continue research in their fields ot 
specialisation. 

The following are the awardees. 

Dr. B. K. C’liaudhuri (Indian Asso¬ 
ciation foi the Cultivation ot Science, 
( alcutta); Mr. R. N. ("hatterji (Uiiiversi- 
tv of C alcutta); Dr U. (’. Das,(National 
(ieophvsical Research Institute. Hyder¬ 
abad); Dr. .1. B. Jt>shi (University of 
Bombay): Mr. (' P. Katli of New Delhi; 
Dr. B. D. Kulkarni (Natit)nal Chemical 
Laboratory. Pune); Dr. V K B Kt»lu 
(Physical Research Laboratory, Ahmc' 
dahad); Dr. A C’. Kunwar (Raman Re¬ 
search Institute, Bangalore). Dr. A. K 
1 ala (Indian Institute ot Technology, 
Bombay): Dr. Kukhada Mohandas 
(Sugarcane Breeding Institute. C oimba- 
tore); Di N. Nageiulia (Osmama Uni¬ 


versity. Hyderabad); Mr, Prakash Nagar-* 
katti (Defence Research and Develop^ 
ment Establishment); Dr. R. Nagaraj 
(Regional Research Laboratory. Hyder* 
abad); Mr. D. Pain (Indian Institucte of. 
Experimental Medicine, Calcutta); Dr, 
S. M. Srivastava (Indian Statistical Instt^ 
tute. ('alcutta); Dr. K. H Sainis (Bhabha 
Atomic Research ('entre, Bombay): Dr. 
Kuldip Singh Sidhu (Punjab Agricultural 
University, Ludhiana): Dr. R. D. Tri- 
pathi (University of (jorakhpur); Dr. 
K. P. R. Vittal (All-India Co-ordinated 
Research Project ti)r Dryland Agricul¬ 
ture. Hyderabad) and Dr. R. L. Yadav 
(C entral Institute ot Medicinal and Aro- 



"You can't quit now., and give up the 
free accommodation, telephone, car, gas 
and all that were necessary for a break¬ 
through. " 


Dependable—Versatile —Precise—Economical 

DC Regulated Power Supplies 


Alfcoaet Offers 
a Wide Range of 
General Purpose 
Power Supplies to suit 
your application. 

Ranges Available; 

0-^30 V to 0-300 V and 
0 lAtoO 30 A 





Profe.ssional Grade 



Fron the manufacturers of sophisticated 0 C Power Supplies 
for Microwave and Satellite Communication Systems. 


AFCO LIMITED 

Km|ui Mug Bumbay 400 070 Phone. &B4913 






FORHAN’S-the toothpaste 
created by a dentist 









helps strengthen your gums 
while it cleans your teeth 


Gum troubles could mean loss of healthy teeth 
Dentists say that if teeth are not cleaned 
properly a thin layer of bacteria called 
plaque, which forms around your 
teeth and gums, starts accumulating. 
This leads to tartar which weakens and 
pushes away gums causing even 
healthy teeth to fall out. Gum troubles 
can also harm health in general. 

Forhan’s protection for the gums 

E IB Dr. Forhan’s exclusive formula with 

J its special astringent strengthens 

gums to help you resist gum troubles. 

\ So brush your teeth and massage 
/, j your gums with Forhan’s Toothpaste and 

Forhan’s Double Action Toothbrush. 


For the gums 
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Earning a lakh on a fixed 
income was an impossible dream. 
Thank heavens it's no more. 

And thanks to UCOPLAN—the 
free, financial advisory service. 
UCOPLAN matched my savings 
capacity to my cherished goal 
of earning a lakh. 

Then's a UCOPLAN for your 
future too.-Drop by any UCOBANK 
branch today and ask for details. 
UCOPLAN has a wide choke 
of lucrative ways to make your 
money work. Because you've 
worked hard for it. 

lUled Conuneidal Bai^ 

dK.6indhrbankfound the corner 


MtETIN65CALtHlMj 


' Novmibtr , ^ 

Environmental pollution, control and water conserv 
Kcmipar* Patna (Dr. Janardan Jha, Convener* Prof, of« 
Engineering, Bit. P.O. Sindri Institute, Dist. Dhanbad, B 
828 123) 

2«5: Application of informatives for South and Central / 
Rawalpindi, Pakistan (B.Raj Bhandari, Administrative offj 
UNESCO House, 17 Jor Bagh, New Delhi- 110 003) 

16^0: Estuaries—their physics, chemistry, biology, geo 
geophysics and engineering aspects. Dona Paula. Goa (B; 
Bhandari, UNESCO House, 17, JorBagh, New Delhi^nO 

23-26: Asian mining, int. conference, Singapore (The Mee 
Secretary, The Institution of Mining and Metallurgy, 44 J 
land Place, London win 4BR. England) 

23-12 Doe: Microbiology of nitrogen cycling, SCOPE/UN 
training course (Mymensingh, Bangladesh, (B. Raj Bban 
UNESCO House. 17 Jor Bagh, New Delhi-110 003) 

23-2S: Nutrient transport studies in animals for the purpose, 
milk and meat productions, symposium. Karnul (Dr. N. ^ 
Ganguli. (onvciior. National Research Centre on Da 
ChcMiiistry, National Dairy Research Institute. Karnul 132 fXl 

23-28: I'lHid systems i>f the deveU^ping world with 
reference to India, Kri. symposium, wit Aligarh 
Mohanied^Shiifi. Dept at Cicographv. Aligaih Muslim " 

sity, Aligarh) 

29- 1 Dm Astronomical Society of India, 7th annual rneetm ^ 
University of Roorkee (Dr. Manmohan Singh, Organising 
rctary, 7th ASi meeting, Dept, of Mathematics, University 
Roorkee, Roorkee-247 672^ 

30- 12 Dec.; Theoretical aspects of computer science, in,t.*coil^| 

ference, Indian institute of Science, Bangalore (Prof. D.K. 
ramaniam and Prof. S.V. Rangaswamy, School of Automati^t 
Indian Institute of Science, Bangalore 560 012) ' . 4, 

30-12 Dec.; Hospital management, 10th Seminat'i^ 
\llMs New Delhi (P.N. Cihei, Indian llospiiai Associiitioti>/5 
Nirman Bluivyii. New Delhi-! Ill Oil) * Vl 

30-19 Dec : Analysis and design of machine foundations, 
training programme, Rot^rkee, India (B. Raj Bhandari, UNESp^ 
House, 17, Jor Bagh, Ne.w Dclhi-110 003 ) 

December 

Meteorological aspects of tropical droughts. wM4>s\in)TOKtiM^| 
New Delhi (Di. P. K. pas. Director. India Mctcorologici^j, 
Dept,, Lodi Estate, New Delhi). Pates not intimaied) 

Water quality, unesco/who regional workshop, Colombo* 
Lanka (B.Raj Bhandari, UNESCO House. 17 Jor Bagh, 

Delhi-110 0(B). Pates not intimated) 

1- 4: Role of laboratories in technical education at all levet#| 

Colombo, Sri Lanka (B. Raj Bhandari, UNESCO House, 17, i&rl 
Bagh, New Delhi-110 003 ) ' 

2- 3: Mechanisms and Machines, Isi national cont., Indian iMj^! 
tute of Technology, Bombay (Dr. C. Amarnath, Organigiiii 
secretary, nacomm- 8]. Mechanical Engineering pcp(^’ 
Indian Institutes of Technology, Powai. Bombay-400 

3: As.sociation for engineering education in South and Cciitiai 
Asia, Colombo, Sri Lanka (B. Raj Bhandari, unesco Housm^i 
17, Jor Bagh New Dclhi-liO 003) 

The venue of . the 4th All India Congress on cyctology tk 
genetics to be held from 17 to 21 October is Bhagalpur and ncj| 
.Hyderabad as reported earlier (Science Today, July 81, p.71)^<| 













































































































That's one way of describing those from the wayside welder Backing this hardware is a 
(he oroad spectrum of lOL s to the shipbuilder, the small package of services-consultancv 

technologies. tool manufacturer, the giant heavy and advisory, after - sales, and 

The technologists' supermarket eiigineering sartor, petrochemical, training, 
is lOL where under one roof a ' 

wide range of products and 
services are available. 

lOL's technological hamper 
includes gases for anaesthesia, 
welding, cutting, inerting, 
cryogenic applications and 
furnace enrichment; special 
gases for the electronics 
industry, for diving and off-shore 
operations, for metallurgy, 
calibration of instruments and 
research. anaesthetic equipment, 
welding and cutting equipment 
and consumables of every kind 
to meet needs as diverse as 

lOL offers the best in technology 


reniiiser ana retinery complexes 
plus entire gas plants, associated 
cryogenic equipment; and liquid 
oxygen explosives for mining. 



lOL's leadership in all its 
activities is the leadership of 
technology. Cross-fertilising 
latest trends with existing know¬ 
ings to breed a new genera¬ 
tion of products and services. 
For progress. 



Indian 

Oxygen 

Limited 


IOX/CAS-7/80 








... atmospheric carbon dioxide 
kept growing 


i HAf would have made our planet, first, 
d warmer place to live, with extended' 
tropical zones and abundant vegetation, 
longer growing seasons, more h)t)d, and 
ntild winters. We would be heading 
towards another warm epoch, like the 
(MIC that existed here millions of years 
•jgo. But, alas, the harm associated wrih 
atmospheric heating would outweigh its 
benefits. Nature would have turned its 
destructive hand on human civilisation 
thumans had not evolved on the F'arih 
during the earlier warm geological 
epoch). 

The increased heating of the .iimos- 
plicre would result in eatasliophie floods 
and climatic changes The rise in tempei * 
aiure would be maMinum at fhe North 
Pole since it has no stabilising Lind mass, 
.md iTiinimum at the cquatoi. The prog- 
icssivc increase in atmospheiu tempeia- 
Uiic due to the so-called 'greenhouse 
cllect” would lead to the melting ot aictic 
pular ice. and the antaictic ice sheet and 
elaciers. resulting in a rise in ocean le\elj> 
and extensive llcjoding ol livers I his 
\\<nihi cause submerging ot manv land 
areas, especially coastal cities and low ns. 
with considerable loss ot lite and prop¬ 
erty 

Distress tiood signals winild he ibc 
Older ot the da\ in coastal towns. Ibis 
ina\ continue lor ,ilinost a decade allei 
tiK. onset of extensive melting, followed 
1)\ slow melting for hundreds ot vears. 

I lie initial use ot 5 to ID metres m the sea 
level w«»uld eontmiie with a maxinTum 
use up to SOm when all the ice has 
melted. I’his would change the map ol 
the world with many important cities 
liillv submerged, and some nativ>ns bc- 
(onnng extinct'. All this may sound like 
science fiction, oi a flashback horn the 
tiood storv in the Book of Cienesis, hut as 
wv shall see below, we arc talking ol a 
/>«A\//)/e situation based on scicniitic 
models of the atmosphere perlurbevl by 
man. 

It the burning of *osmI iuels bv man 
continues at a grewth rate of 4 per cent 
pel year, it is estimated that doubling of 
atmospheric carbon dioxide wouUI be 
reached in the year 21)30. and it would 
give an incrca.sc in global average tem¬ 
perature of probably 1..1' to 3'C'. with a 
likely maximum increase of S'C at the 
North Pole. This increase is very signifi¬ 
cant, because the naturally occurring 
normal fluctuations in the temperatuie ol 
our atmosphere today arc only within 
lialf a degree centigrade. An average 
temperature increase of 2" to 3"t' is 
sufficient to start the melting of ice and 


continue the process with further rise of 
temperature. It may be said that the most 
serious short-term climatic problem fac¬ 
ing mankind is the increasing pciccnt.ige 
of carbon dioxide in the atmosphere, 
threatening to appear in the next !>() to Ml 
years, and continue toi decades, even 
centuries. 



L.arge aimnsphcne tempeiature in¬ 
creases would also tugger many other 
disastri>iis atmospheric effects. Kor exam¬ 
ple, itic changes m norlh-soutli polar 
asymrnctrv would bring ahoiil major 
shifts m the atmospheric circulation pat¬ 
tern, lesulting in large clinuitie vanatiiMis 
in ditlerent parts ot the world. I'his would 
change the laintall pattern, river courses 
and soil struct III c. Inland lake levels and 
watei supplies would he lowered rapidly 
and the w*itci problem would become 
seveic- Some arid l.inds may become 
areas of plentiful food, On the olhci 
hand, .some ot the well irngafeti lands ol 
HkLin nuiv become the deserts ul tomor¬ 
row. Paleoelimatological records do bear 
the signatures of such changes m the past 
caused by natural climatic variations, 
including atmospheric temperature cy¬ 
cles, melting ot glaciers and changes in 
the ocean level. However, large changes 
eaii.scd m a short span of lime by human 
activities would be unique in the history 
ot the human race, arul m fact in the 
entire geological history of the F.arlh. 
rhoiigh ful utilisation of alternative 
sources of energy may. however, avert a 
crisis. 

let us first see how the “greenhouse 
effect" is produced in the atmosphere 
due to the presence o\ carbon dioxide. 
This effect relates to the absorption by 


the carbon dioxide ol the long-w'ave: 
infrared radiation from the Farth as ai 
result ol solar heating, leading to an 
increase in atmospheric temperature,* 
The heating of the surface of the Farth 
leads to terrestrial infraied radiations in 
the wavelength regions where carbon 
dioxide absorbs significantly. I he heating 
of the dry atmosphere is m tact mainly 
due to absorption ot terrestrial infrared 
radiation by carbiMi dioxide in this re¬ 
gion. Ozone and some poKalomie iiydro- 
carbon gases also absorb here, but 
their eoneentraiions are loo low to be of 
nuieh significance. Absorption of in¬ 
frared radiations b\ watei vapour is also 
important in the humid air The nett 
atmospheric temperature rise will in fact 
depend on many complex factors. and us 
such, the leiin “greenhouse effect", as 
applied to the atmosphere, is a 
misnomer. 

The natiiial carbon dioxide level in the 
Htmosiihere. initially intioduceil through 
oulgassing from the liarih. is maintained 
through Its eoiitimious formation hv the 
decomiMisilion ot organic nuiltei. with 
only small .idditions from volcanic 
sources, h also enters the atmosphere 
through soil. pLint ,ind animal lespiration 
processes and the action ot winds on the 
sea suitaee. The annual pKniuetion by 
natural processes is nearlv LSI) gigatrmnes 
(ICil - III' tonnes), whereas fossil fi*els 
presently vontribule neailv O'l. It has 
an atmospheric iciiidence lime of about 
fixe* years. The main sinks toi carbon 
dioxide aie the oei‘an w.ilcis aiul photo- 
svnlhesis. which also help m niamtaining 
a fixed concent 1 at ion ot the gas m the 
atmosphere. However, the eap.icilv of 
(K'cans (o lake up excess cai bon dioxide is 
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Fig. 1: Mean atmospheric temperature 
change for the northern hemisphere and 
for a single station (F. J. Land) with large 
temperature difference (LoWlock, J. E., 
1971) 




; ifttiited by the pM (iciiififty/alkiiHttityJ St 
the surface waters. With continued use of 
fossil fuels, the fraction going to the 
oceans would decrease and the build-up 
in the atmosphere would be faster than in 
the past, because mixing of the surface 
w'aiers with the deep (Keans is very slow 
compared to the rate of increase in 
carbon dioxide, 

At the turn of the century, when the 
eoinbuslion ol fossil fuels was very small, 
the natural concentrations of carbon 
dioxide in the atmosphere was about 2^)(1 
parts per million. Due to the industrial 
and other man-made leleases. the eon- 
cent ration has now increased to nearly 
.130 ppm It has been estimated that the 
concentration will rise to 400 ppm by 
the year 20<HI. It all the lossil fuels are 
burnt, the ainuisphcric eoneeniration 
mav rise to I.SOO ppm. iiearlv live times 
the piescnt level. .Such an increase could 
result 111 large increases in the atmosphei- 
ic temperature. If the atmospheric effects 
of carbon dioxide increase arc tully estab¬ 
lished, this raises a verv important ques¬ 
tion: Will It be advisable to go on burning 
the fossil fuels at the present rale? Once 
the effect has been prcHiuced in the 
atmosphere it will not be possible to 
reverse it for thousands o( years. Our 
undcistanding ol the problem today is 
very limited, 

After the turn of this century, the 
temperatures all over the northern hemis¬ 
phere were increasing, and it was firmly 
^believed that this increase is due to 
^increasing levels of carbon dioxide Then 
a C(a)ling trend .started in the vear 1^40. 
Fig. } adapted from J. C. Lovelock 
(1971) shows the mean atmospheric tem¬ 
perature change lor the northern hemis¬ 
phere since the year 19<Kl It also includes 
the trend for a single high latitude 
station (han/ .loseph l and. S.S'C north). 
This station has shown exlrenie changes 
in the tcmperatuic The c4iseived de¬ 
crease m temperature since 1940 could be 
due to a natural temperature cycle of 
shorlei period, masking the etieci ol 
carbon dioxide mcrc.ise. The trend is 


likely to 1 ^ ^niig the hdkt 

decade. Our understanding of these 
short-period natural climatic cycles is still 
poor. There have been long-period 
natural climatic cycles during the last 
million years which started after the end 
of the long warm eptKh in the geological 
history of the Earth, The climatic cycles 
of roughly 2,000 years, 2t),(KM) years and 
IfK).(KK) years with amplitudes of the 
order of 2', 3" and X''C' respectively have 
been estimated. These cycles arc probably 
caused by natural oscillations due to slow 
thermal interactions between the atmos¬ 
phere, oceans and glaciers. The tempeAi- 
ture rise bv the continuous use of fossil 
fuels for energy needs can exceed even 
the longest-period natural cycle. 

It is now fully established that our 
future energy strategies will have a w'ide 
range of influences on the global climate, 
and carbon dioxide is an important para¬ 
meter to be considered. The Intemalional 
Atomic Energy Agency ((IAEA) and the 
International Institute of Applied System 
Analysis (NASA) have initiated long-term 
studies of the problem of carbon dioxide 
from fossil fuels and its possible atmos¬ 
pheric effects. F. Niehaiis who has been 
connected with the joint lAi a-iiasa stu¬ 
dies of this problem has carried the 
projection ol carbon dioxide emission, 
carbon dioxide concentration and tem¬ 
perature rise l<^ the year 21(K). I'lg. 2 
gives the proiection for the utilisation of 
estimated .M) terawatts (2TW = lO'-W) of 
energy from f(»ssil fuels based on the 
model developed by Nichaus (1979). 
Note that the temperature rise of 91 is 
pro|ecled by the model, large enough for 
a major elimalic upheaval. It is, however, 
likelv that the predictions based on sim¬ 
ple model of carbon dioxide heating are 
not valid and there may be secondary 
climatic feedback eflccls, for example, 
increased cloudiness due to carbon diox¬ 
ide warming may cut down the solar 
radiation input to the atmosphere; and 
the increase in vegetation cover due to 
an increased carbon dioxide level may 
change the planet's albedo (reflectivity). 
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Both of these can lower the atmospheric, 
temperature. It is hoped that future 
models would be able to present a clearer 
picture i»l the problem. 

Since the eoiitmiied use ol fossil fuels 
can lead to unpredictable changes in the 
global climate, it is important to consider 
different enetgv teehnologu s to optimise 
their use. In addition to the carbon 
dioxide problems, the burning of lossil 
fuels and use of nuclear energy both lead 
to the release «)l enormous waste heal 
into the atmosphere, thereby changing its 
ladiation balance liirther. Ihe develop¬ 
ment of renewable energy resources, 
including solar energy, winds and tides, 
bio-gas and livdr(>elecliu. powei. do not 
lead to significant changes in the radia¬ 
tion balance of the almospheie I'he 
deveU»pnienl ol renewable fuel forests 
may provide the dual advantage m con¬ 
suming the excess carbon dioxide by the 
fuel trees and giving a source which 
balances the input and output ol carbon 
dioxide 111 the atmosphere. Wc have thus 
•touched on a very fascinating area for 
luture research related to energy plan¬ 
ning with regard to the climatic impact 
The problems are indeed challenging and 
the solution must be found during the 
next one or two decades. It is siiqin.sing 
tiui the energy planners all over the world 
have not given sufficient consideration to 
the to the possible effects of increasing 
carbon dioxide and waste htMt in the 
atmosphere. It is certainly not economic¬ 
al to consider these today, but the impor¬ 
tant questions concern how much we can 
sacrifice for the well being of posterity, 
and for the perpetuation of the human 
race on the planet. 

K. G. VOHRA 


Fig. 2: Carbon dioxide impact of 50 TW fossil fuel strategy 


Dr. Vohra is Head, Division of ftadiotogi- 
cal Protection, Bhabha Atomic Research 
Centre, Bombay 
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A CARl ZHISS INSTRl'MKNT 
CAN PUT YOURORIFTT IN l OCUS. 


From the macro world of distant 
galaxies to the micro world of viruses 
and bacteria Carl Zeiss instruments 
probe the universe through the 
optical window A spectrum that 
spans spectroscopy, microscopy, 
rT>etrologv. micro electronics, 
photogrammetry, survey astronomy, 
^nodical science microfilming optics, 
picnetaoa optithalmoiogy 

Available m India 'hn'ugn u.i,n soie 
sellifuj agent': : 

• AsttorcoiTUcai Insu uifnnnts. 


Planetaria Micioscopes, Medical 
fi» Opfi thalmological Instr uments, 
Instruments for Engineering 
Metrology, Microfilming Equipment, 
Photo gramme trie Instruments. 
Anaiyttcal Instruments & Surveying 
Insirufoents. 

• Measuring Instruments, Micronneters, 
I) -. c (»a I ;■ q t n f q o ! s < j n d o t h e r 
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Venus de Milo 
The Masterpiece 
with unchanged 
specification for 
over 23 centuries 

Such masterpieces are common 
in classical objet d’Art 
but not in the field of 
Laboratory Chemicals. 

The specification of 
Laboratory reagents stays a 
masterpiece of laboratory science 
only for a year or two. 

The demands of ever-changing 
modern science and technology 
are so exacting for continuous 
progress that only a company 
of progressive tradition and 
status can dare to meet them. 


Look to 



SARABHAI M CHEMICALS 

For Tomorrow*s Standards In 
Laboratory Chemicals Today 
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THE AUTO 
SLIDE PROJECTOR 

New, addition-to the family of CEL 
Audio Visual equipments - AP 100. 
AVS 40 and A VS 41... 

Now. AP 110 at low cost. 

Make your schools & college 
education more effective and 
interesting with in your budget. 

SPECIAL FEATURES OF 
AP 110 

♦Portable 
♦Can be operated with Rotary/ 

Linear Tray 
♦Compatible with CEL 
Synchroniser SUI 70 and Dissolve 
wnit DU 171 

♦Interchangeable lens (f-2.8, 85mm 
lens and f-3.5, 100mm lens) 

•Remote Control facility for 
forward/revorse change of 
slides 

♦Elegant carrying case 

Systems developed in collaboration 
with CEERI Pilani. 


For further details write to : 

MARKETING GROUP (I S D) 

CENTRAL ELECTRONICS LIMITED 

A Government of India (Deptt. of Science & Technology) Enterprise 

Sahibabad-201 010 (U.P.) Tel: 202192, 201071 

Gram : CELFERCORE-GHAZIABAD Telex: 0592-203 CEL. IND 

Delhi Sales Office:781,Desh Bandhu Gupta Road Karol Bagh. New Delhi-110005. 
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That's one way of describing 
(he oroad spectrum of lOL's 
(echnotogies. 

The technologists' supermarket 
is lOL where under one roof a 
wide range of products and 
services are available. 

iOL's technological hamper 
includes gases for anaesthesia, 
welding, cutting, inerting, 
cryogenic applications and 
furnace enrichment; special 
gases for the electronics 
industry, for diving and off>shore 
operations, for metallurgy, 
calibration of instruments and 
research. anaesthetic equipment 
welding and cutting equipment 
and consumables of every kind 
(o meet needs as diverse as 


those from the wayside welder 
to the shipbuilder, the small 
tool manufacturer, the giant heavy 
engineering sector, petrochemical, 
fertiliser and refinery complexes 
plus entire gas plants, associated 
cryogenic equipment; and liquid 
oxygen explosives for mining. 



Backing this hardware is a 
package of services-consultancv 
and advisory, after-sales, and 
training. 

IOL's leadership in all its 
activities is the leadership of 
technology. Cross-fertilising 
latest trends with existing know¬ 
ledge to breed a new genera¬ 
tion of products and services. 
For progress. 


|i H Indian 
Oxygen 
Limited 


lOL offers the best in technology 
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Education was never so entertaining. 


PHOTOPHONE 

presents a comprehensive 
range of 16 mm 
educational films from 



ENCYCLOPAEDIA 

BRITANNICA. 



If you're involved in education or 
training, you know the importance of 
keeping monotony and boredom out of 
your curriculum. And you know, the 
importance of the audio-visual medium 
in stirring up people into exploring and 
understanding the world around us. 

Now Photophone, the people who make 
India's finest audio-visual equipment 
(like S-8, 16, 35 and 70 mm movie 
projectors and overfiead projectors), 
bring you a whole range of Walt 
Disney and Encyclopaedia Britannica 
films for education and training in 
16 mm. Covering the arts and the 


sciences. Music and literature. Health 
and safety. Business and economics. 
And more 

Each film has been planned and 
produced by experts, using the latest 
teaching methods and cinematic 
techniques to make their point. And 
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these films come to you at very 
reasonable prices, making Walt Disney 
and Encyclopaedia Britannica films an 
investment every school or company 
can afford. 

For more information,write or call us 
Today. 
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INDEPENDENT RESEARCH PROJECTS 

for young scientists 

The call given by the Society the seniority of the 

of Young Scientists to scientists. The meeting will 

encourage young scientists obviously be attended by all 
has found limited, though young and old scientists 

significant, response from together and they will have 
the Department of Science ^o justify and defend their 
and Technology (DST) qf the projects in the open meeting. 
Government of India. Under Young .scientists from 
its Science and Engineering India (and Indians abroad) 
Research C ouncil iSElU ), the who want to work 
department has called for independently should submit 
preliminary research proposals to the ixsr and 

proposals in Thrust Areas defend these on their merit, 
(for details, see SC'lENtT. They must also collectively 

Today . May 1981, Current ask for encouragement to 
Science and ( SIR journals). younger scientists by DS i, 

One ot the highlights of the giving pieference to those 

scheme is to encourage young scientists who do not 

brilliant young scientists. It have any projects in hand 
is, therefore, expected that over those who already have 
young scientists working m several projects in the same 
Dsr-recognised institutions and/or other areas. Such 
(both private and jicoplc, obviously, act only 

goveinmental. voluntary or as ‘managers’, 

public sector), universities or Por details kindly write 
even unemployed scientists directly to . Di. Ashok Jain, 
(oi those from abroad) will Principal Scientific Officer, 
diiectiy send preliminary Department of Science 

|-)ropos«ls in the Thrust Area Technology. Technology 
Programme (t ati to the DSI. Bhavan. New Mehrauli 
The proposals must carry Road. New Delhi I l(M)|f>. 

I technical details of the 

projiosed work including N. N. MF.HROTRA 

objectives, methodoU^gy and 

expected lesults. It should Society o< Young Scientists 
also carry a brief justification All India In.slitute of Medical 
ol the projiosal and a note on Sciences 

the self-assessment ol the New Delhi llOOlb 

candidate. The project 

Mippdri also has a piovision perTAwri pc 

tor some infrasti uctural GOLDEN RECTANGLES 

supjiort, including technical 

staff, equipment and golden rectangle is 

conlingenues. besides the 

s il irv ol the numbers tor its sides ( “The 

-charge. « . 

'['he most important aspect nunibcts , .lul\, HKl). But, 
of the new scheme is that the M^naucs 

young scientists can directly '/<’ 

send the proposals without , 

the routine bottlenecks of rcct.rnglc is defined .<s one 
'through proper channel’ and hmger side is 

the certificates fiom head of 

institutions' to allow' the square on the shorter, 

research project. After 

preliminary proposals arc I’uildings are claimed to be 
obtained, meetings of every gt>lden rectangle, of this 
group of proposing (in a ^ • 

given thrust area) sciontisls ,, .. a aa a a 

will be convened to discuss KAMANNA 

the logic of each project and 658, 100 Feet Road 

the projects will ba decided Indiranagur, 

on the basis of its merit and Bangaloie 560 038 


Basil Davis writes; It is 
inaccurate to say that the 
golden rectangle consists of 
Fibonacci numbers for its 
sides. As stated in my article, 
the sides are in the golden 
ratio-~the ratu> approached 
by consecutive Fibonacci 
numbers as the numbers 
become extremely large. 

This equals (/ + V5 ) 2 or 
I.t)I8... A rectangle whose 
sides are Fibonacci numbers 
Ls only approximately a 
golden rectangle. The 
approximation becomes 
better as tiw numbers become 
larger. 

The Time-I .ife hook 
Mathematics defines the 
golden rectangle as one in 
which the longer side is etfual 
to the diagonal of the .square 
on the shorter. On page 94 
edition), we read: "The 
ratio—expressed more 
precisely as 
I : l.blS—occios in 
pentagons, drcles and 
decagons—but noiablv in the 
golden rectangU', a figure 
whose two sides bear the 
magic relationship to each 
other." The follifwing 
diagram of a golden rectangle 
(without the numbers) is 
given on the .same page. 



A BCD IS a square. I is the 
midpoint of AD, FC ~ Fii. 
AdHH IS a golden rrc tangle. 

trom elementary geometrv 
H'c .see that A (iiA H - 
(Ji-V5)i:^I bl8... 

A rectangle satisfying the 
definition stated by 
Mr. Hanianrui would have its 
sides in the ratio I : \ '2 or 
I : 1.414. 

'I'wo additional facets of 
Fibonacci numbers may 
interest your readers. As the 
article point.s out F^n-n ~ 

(F„)’ + (F„^.,)’. It can also be 
seen that = (F„+i)‘ - 
'(r„„()’. ITiese two 


relationships make it 
possible to calculate F„ 
without going through Fj to 
Fn successively; Fn can be 
expressed as the sum or 
difference of the squares of 
two other F members, each 
less than F„; and each of 
thc.se, in turn, can be 
similarly expressed till we 
come to the first two 
F-numbers 1 and 1. By no 
means less cumbersome, the 
process, however, Ls 
interesting. 

The other facet is a general 
series of which the Fibonacci 
senes IS a sjieciul case. The 
general series is Fp = 

K(F„ ,) + F„_Klnlhc 
F'ihonacci series, K = I. Let 
us take (he case where K = 

2. The numbers w'ill then be* 

I, I, 7,... Each number is 

multiplied by two and added 
to the previous number to 
obtain the next number. The 
beauty of this is that F„/F„_ | 
lends to be equal to (2 -f 
V4 t 2’)/2. In general, 

F„/F„_| tends to(K + 

\''4 4-K-)/2. 

B. R. DEVARAJAN 

Regional Centre for 

lechnology Transfer 
49, Palace Road 

Bangalore 56D1)52 

RAMANUJAN'S WILL 

Thl- Sunday (21 June) 
edition of The Hindu, 

Madias, published an article 
“Ramanujan’s Last Will And 
Testament”, which carried a 
photograph of the “old 
dila|>idaied house” in 
Madias in which Ramanujan 
lived and also the 
photograph of his 
81 -year-old widow, Janaki 
Animal. It seems Janaki I 
Animal has been offered 
only a pittance of a pension 
and the old house has been 
left neglected, fhis is 
unfortunate. The authorities 
must do something for the 
house and the aged w'idow, 
at least to keep the memory of 
the great mathematician. 

A. R. PRASANNA 

Physical Research Laboratory 

Ahmcdahad .180 009 




If it wasn't ffprTII, 
your construction costs 
\\ could hit the roof. 




You know the high cost 
of steel. And the long 
wait for it. 

RelaxI TIMSECZ-Purlins 
are here. Another quality 
product from Til. 

And imagine the savings! 
Using Z*Purlins means 
a 40% reduction in your 
steel requirements and 
costs. And no “steel 
permit", nor waiting for 
sanction... 

A revolutionising 
technological advance, 
Z-Purlins combine 
high-strength with light 
weight. Corrosion 
resistant, Z-Purlins find 
easy application in 
factories, warehouses... 
so on. 

Z-Purlins apart. Til- 
made precision tubes, 
metal sections, steel strips 
and special purpose chains, 
are right now being used 
in a variety of ways in a 
wide range of industries. 


And, Til is famous for 
its quality bicycles, 
moped, scooter and 
bicycle dynamo lamps. 

Now, the next time you 
see any large construction, 
just remember these three 
letters: "Til" 
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Manpower for information 

I NFORMA1' 10N is an invaluable input in 
air national developmental activity. And the applica¬ 
tion of technolo|»y to information handlinji is ushering in ^ 
a total revolution in information communication. The 
Universal Information System in Science and 
Technology .(UNISIST) and other international and re¬ 
gional programmes are accentuating the necessity for 
developing global information exchange systems. No 
wonder then that a growing awareness of the pervasive 
n)lc of information has set many countries to examine 
seriously the need for systematic planning in organising 
information for effective use. The industrially advanced 
countries are already engaged in realigning and restruc¬ 
turing their existing information resources and facilities 
and utilising technology to the full in order to achieve a 
greater effectiveness and efficiency in their information 
systems and services. Developing countries, too. are 
striving, though slowly, to create national iniormation 
infrastructures. 

In India, the Report of the W('rking (iiouj) on 
Science and I'echnology for the Sixth l-ive->'ear Plan 
lecognises iniormation as a tesoiircc worthy o( care, 
organisation and management. It explicitly emphasises 
the need to create an eltectivc inlrastructure lor scien¬ 
tific and technological information isii) Hut the ques¬ 
tion is, do we have all the capabilities, at present or m 
the near future, to create the systems and services that 
would make information a factor ol pioduciion? One ot 
ihese, 'a factor that contributes substantially to the 
success of any system, is the adequate and continuous 
supply of qualified rnanptrwet at ail lesels - in this case, 
the information personnel. We shall require them to 
plan, design, develop, operate and evaliiat»' oui informa¬ 
tion systems and services. Ihis is one o\ the most 
important parts of planning lor a national intormahon 
system. 

rhe types of service institutions that logelher 
constitute ihc total national informa!u)n system deler- 
iiiine the manpower requirement. Over ihe last quarlci 
of a century, especially in the developed cminlnes, the 
national information system that has evolved gcneially 
comprises libraries, doeumeniation centres, iniormation 
analysis centres, data bases, data banks, clearing houses, 
referral centres, dormitories stocking less used materials 
and such others. These institutions may operate at the 
national, sectoral, or even local levels, and many of them 
may be oriented to particular subjects, disciplines or 
missions. 

Most ot these institutions have spuing up in the 
context of education, higher learning, research and 
development, and mission-oriented activities. They oiler 
a variety of products and services geared mainly to the 
requirements of these respective aclivilies. But today the 
demand for information has grown much wider and 
more complex. Fulfilling it calls for a great deal of study 
and research to create new products and services for use 
in new and quite different contexts like those of 
legislation, planning, policy-making, decision-making at 
air levels, business and mdustry, rural development, 
information at the grass-root levels and also for the 
general public. 

Besides this growing complexity, the idea is now 
gainini^ ground that problem-solving, the most important 
target in social and economic development, requires the 


support of a problem-oriented information system, STl, a;;;;;;' 
vital component of the information base used in prob* 
lem-solving processes, has then to be necessarily aug- < 
mented with societal information that includes political, 
economic, demographic, occupational, health, legal, : 
repjlatory, sociological, cultural, and environmental ‘ 
information. The organising principle, therefore, for the S 
design and development of a national information 
system is not merely STI but scientific, technological and . ' 
societal information (STSI) 

Indeed, problem-oriented information systems had - 
begun to emerge in the late sixties and, with a growing ,' 
emphasis, in the seventies, particularly in the United ; 
States. They represent a context in which information is . 
utilised for societal problem-solving, be they problems of 
economic well-being, environmental protection, agricul¬ 
tural productivity, energy availability and use. public 
health and safety, or disaster prevention and control. 

Private information brokers and new' intermediaries 
of government agencies are the newly emerging institu¬ 
tions that olfer this specialised (|ualily of service. They 
are expected to repackage validated and authentic 
information collected Irom a varielv ol sources. This 
service is, of course, available onl\ at a price. The users 
of problem-oriented information systems, olten ill- 
defined, embrace a wide varietN of groups—elected 
ofticials and their stafi, civil servants, businessmen, 
attorneys, scientists, engineers, judges, market resear¬ 
chers, consultants, media people and local citizens. 

Prublem-oriciited mformalion systems are also 
slowly developing in India. The Small Lnterprises 
Documentation (Vnlre (SF NIMK i of the Small Industrial 
Lxtension and Training Centre, Hyderabad, the 
Documentation Centre ol the National Institute of 
Health and Family Welfare, the Council of Scientific and 
Industrial Research (C SIR) programmes in the fields of ; 
housing, school buildings, all-weather rural roads, sani¬ 
tation, pollution hazards, etc, and the sectoral informa¬ 
tion centres for drugs, lood, leather and machine tools 
are a few' examples. 

Sophisticalion in organising inloimalion systems 
and services does not relate to merely the application of 
technology for storage, dissemination, aceessibilitv and 
speedy retrieval ot iniormation. It also relates to.the 
intellectual eflori ot distilling and silting infoimation 
from a varietN of sources and then evaluating, consoli¬ 
dating, condensing and repackaging it to suit a specific 
situation. 

So if we .might !o plan, design and develop versatile 
information systems and if iniormation ought to function 
as a factor ol growth and deveh)pmeni, highly skilled 
manpower is essential and so is manpower planning. 
Four groups ot information personnel, namely, libra¬ 
rians, documentalisls and information scientists, subject 
specialists with particular skills in mformalion consolida¬ 
tion and repackaging, and system analysis are mainly 
involved in the organisation and management of the 
different types ol institutions mentioned earlier which 
make up the total information system. There arc other 
groups too, such as information generators (researchers, 
scholars, etc), translators, editors, referees, publishers, 
printers and reprographic and micrographic specialists 
who arc involved in the information transler process. 1 
shall, however, focus attention onlv on the lour main 
groups identified above. 

Libraries and documentation and iniormation cen- 
ties arc the only types of information institutions that 
have been operating in India; the other types arc yet to 



created. They do offer traditional library and 
^^documentation services but cannot match the quality of 
services available in the more advanced countries. 

' Initiatives, however, have been taken by some institu- 
* lions to develop computerised information services and 
also information analysis and rcpackajiing services. 

Organising and managing information svstems and 
' services in India come up against a major problem. 
Scientific and technological information, almost in its 
entirety, has to be imported. This poses serious difiicul- 
tics, not only in building up an information base, but also 
in coping with the rapid changes taking place in 
information communication as technology plays an in¬ 
creasing and major role I he problem becomes particu¬ 
larly serious since we arc totally unprepared for these 
changes. It we are to reilesign our inlormation systems 
and services to keep pace with these ehanges. the 
iniplicali(ms for nianpiwver development are enormous. 

Manpower for our hbraries and doeumentation and 
information centres presently comes from about 50 
library schools run In the universities and two special¬ 
ised information science programmes offered by the 
Documentalron Research and Training (’entre (I^RfC) 
of the Indian Statistical Institute, Bangalore, and the 
Indian National Scientific noeiimentation Centre (IN- 
SI)(K ) ol the csiR. New Delhi. Those from university 
schools are largely absorbed by the academic institutions 
while DKic and iNSlxx trainees go to research and 
development institutions, private and public industrial 
undertakings and govetnment departments. On an 
average, about l.SOO earuliilates undergo professional 
training everv year to be fitted into these different levels. 

A majority ol university library schools, barring a 
few pn\i:ressive ones, seem to be totally oblivious of the 
sea change that has taken place in the generation, 
production, dissemination, distrilxition and use of know¬ 
ledge. The personnel turned out. quite naturally, do not 
measure up to the qiialitv of services that is needetl. A 
drastic change in the approach, attitude and motivation 
is necessarv, besides changes needed in the syllabi 
offered, then contents and hands-on practical field 
training. Stixlents should be inliodiiecd to computers at 
the first professional degree. Ihe over-emphasis on 
techniques should give place to an emphasis on services 
and the contents of the syllabi should be weighted in 
favour ol information .sources and media, their ramili- 
cations, growth, development and use. I hese ehanges 
also require a machinery to implement them, though 
slowly but surely. 

riiough the library sclnuils must bear a major share 
of responsibility lor this stale of affairs, the entire blame 
cannot be laiil at their d(H)is. liven the taeully members 
of many library science departments are seldom exposed 
to the new horizons opening up in the library and 
information field. Most also lack field experience. 1'heir 
envii'onment and atmosphere arc hardly conducive to 
developing a more progressive approach. And the 
physical facilities are awfully poor. All these aspects 
need adequate attention it any serious change is to take 
place. I hese. and many other problems, have been 
discussed at a number of conicrences, seminars, sympo¬ 
sia and other meetings. Unfortunately, nothing tangible 
has resulted. 

Librarians. diKumentalists and inlormation scien¬ 
tists are only one segment of the manpower force. 
Computer system analysis, including data-base mana¬ 
gers and operators, and subject specialists skilled in 
consolidating and repackaging information, torm twi> 
fairly large and strategic segments. Computer specialists 
generally find information a fascinating and fertile field 



with unlimited scope for innovations. So far, however, 
computer applications have achieved no more than 
conversion of printed secondary publications into comp¬ 
uterised data bases though, with computer netting, 
accessibility to inlormation has been remarkably 
improved. 

In fad, the more far-reaching changes in informa¬ 
tion communication are yet to come. If computer 
specialists who arc drifting towards information tecnnol- 
ogy arc exposed more systematically to the information 
field, the results are likely to be far more fundamental, 
effective and speedy. So il would he highly useful, in 
fact, ideal if some appropriate courses in information arc 
designed lor computer specialists. A new kind of 
information tcchnoKigisl that would emerge would be an 
invaluable manpower asset. After all. the application ol 
technology to intormation handling is only a means to an 
end and not an end itself and the inlormation technolog¬ 
ist undergoing the course needs to keep the end very 
much in view. 

Sub|cct specialists working at riiission-t)rienled or 
problem-oriented information centres capsule informa- 
lioii eolleetcd from a variety ol sources for a specific use. 
Some have a flair for writing but others need to 
cultivate such skills. Subject experts without these skills 
would never perform their tasks well. In fad, reporting 
original research is far easier than writing a critical 
review or preparing a digest for decision-making in a 
short time. Excellent guides, manuals and handrxx)ks 
exist for technical writing, reporting original research 
and other types ol primary communications. But no such 
reference material is available to deal with the consoli¬ 
dating and repackaging of information. Neither is a 
forjjnal training course available. Experts engaged in this 
w(3rk have to design and develop specialised courses, 
besides producing useful tools. 

In western countries, a group of experts often called 
“gatekeepers”, have been identified in research and 
development institutions and similar bodies. They have 
an all-round knowledge and expertise, and arc active 
seekers ot information whether through formal or 
informal channels. I’hey arc adept at interpreting infor¬ 
mation, at recognising its significance for their own as 
well as their colleagues' w'ork and at explaining and 
demonstrating it to others. I'heic arc such all-round 
seekers of knowledge in India too. They need, however, 
to be carefully identified and brought into the main¬ 
stream of information organisation and service. 

Looking ahead 

With the information revolution inexorably round 
the corner, pushing us into the information age, how 
long will the present information institutions still retain 
their present form and structure? Futurologists forecast 
a paperless communication system emerging by the turn 
of the twenty-first century. It is sure to disembody the 
library which at present occupies an important place in 


I 
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the ihft)f- 

mation scientists would be consuiltants, sitting in their 
bffices, surrounded by computer terminals and othci 
electronic equipment connected to a number of data 
bases, assisting clients in their pursuit of knowledge and 
information. 

Paper-print based primary publications, however, 
cannot be very easily replaced and existing institutions 
servicing them need not be totally displaced either. 
(Those interested may look up a delightful and Witty 
article “Learn with BOOK“— an acronym for built-in 
orderly organised knowledge—by R. J, Heathorn in 
hutch, 9 May 1%2, which highlights the comparative 
ease and simplicity with which books pack intormalion 
tor most purposes.) Bclorc very long, however, secon¬ 
dary publications such as indexing, abstracting and other 
types of bibliographical tools that provide access to the 
pnmarv publications may not be available in the piesent 
printed form. Already about bdtl bibliographical com¬ 
puterised data bases are available on-line in burope and 
the US providing a variety of bibliographical services. 
Such data bases arc rapidly increasing in almost cvcr\ 
subject. We arc so much dependent on both primary anil 
secondary SI I produced outside the country, that it is 
high time wc determined our future policies, plans and 
programmes for organising our national inlonnalion 
systems. 


It is then imperative that a stud> projeel foi 
manpower planning be taken up immediately b\ an 
appropriate body, possibly by the National Inlonnalion 
System for Seience and 'Icehnology (NISsad The study 
should encompass a wide lange; an in-depth assessment 
ol the existing set-up tor education and training in 
libiary, documentation and information seienees; an 
esiiinale of the mlormalioii manpower loiee in terms of 

tvpes. quality and quantity tor the next ten v.ears: 
piolcssional education and training \o\ the operation, 
supervision, management, design and development ol 
mlormalion svstems and services: continuing education 
piogrammcs and woikshops tor all catcgtiiVes ol inloi- 
Illation personnel: faculty development prom amines: 
good career opportunities to atlraet talented young 
persons to the information Held: placement programmes 
loi the personnel turned out of the intormation schools: 
tiindamental and applied research in intormation 
science, etc. The aim should be to build up a cadre of 
infonnaiion scientists and technologists with diverse 
specialisations and skills, operating with perfect cohe¬ 
sion U) organise and ofler high-qualitv information 
services. 


A viable national intormation policv will stem not 
merely from recognising and accepting that inlormation, 
as a vital key to socio-econtimie change, is worthy ot 
caic, development and management, but only by a 
commitment to it at the highest levels. A high power 
national commission comprising a cross-section of cx- 
pcils from various fields, including a few members of 
Parliament should be set up to study alf the problems of 
mlormalion in the country and recommend a suitable 
course of action tor developing a national scientific, 
technological and societal intormalion system. 

T N. RAJAN 


Mr. Rajan is the Head of the Training Division ol the Indian 
National Scientific Documentation Centre, New Delhi. He is also a 
member of the Education and Training Commiriee of the 
International Federation of Documentation. Ho has been with the 
Vivekananda College, Madras, the Indian National Bibliography, 
Calcutta, the Library of Congress, Washington DC, USA, and the Lib¬ 
rary Science Department pf the University ot Madras 
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DOKLMATOR Microfilm Camera DA 7 offers 
excellent service for archiving in all spheres and in 
particular, In product engineering. 

Applications: 

• microfilming engineering drawings 

• patent documentation 

• mcdiclnc-photofluorographs, especially for 
archiving pun^oses 

• surveying (maps, plane-table sheets and other 
surveyihg data) 

• data processing (computer printouts) 

• management and administration 
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• Duplicators • Printers • Re-cnlargers 
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This World of Science! 


By R. K. Laxman 




















“Watch out Doctor, the needle has conic out through 
the other end!" 


“Suddenly / heard a voice shout, “Peeping Tom"—and 
at the same time somethmfi hit my eye'" 


sPftCE cenTite 




“//e's amazing! He has some unconventional ways of releasinfi the 
jammed shutter of our satellite camera millions of kilometres away " 


"The construction couldn't stand even one mon¬ 
soon—evidently, ii's adulterated cemeiii'" 


of Scientists 

if; pm) Rutherford (1B71-I9!i7) hid 
pLfm-idNiiUe inatlnct ftv the eHeittiel 
p[^aiMMrtiine«|M«hiieflti. 
la^' yhnple and direcl.-and often eat* 
ajvaddh* dwt «ae lUiinMw eyefl. 
die ahaKhmlB of.lnui dmeVpae tai^* 
adgment of hit beta-ray fd- 
teftedly ww done n^y with tdectro-' 
^eopesmadeiftnffldiictfdedoiiant^ 
ffte.itatlents and oolleegnes partook of iiie 
Votanic energy either natnraUy or with 
eaemrageinent. Prof. H. R. RoUniOn, a 
loaiiieratudiMrhat recalled in anohitiiafy 
fiAliihed Ita m Pneetd^ ef.^ Phi- 
.Oat SacUty! ''Shahertoniv iftiteHie to 
mg^iieuini in tbe:labonaory.'iaiatefH^' 
ttieomiateat.' OfBsi^,. hek;ja«ni 
einioaad lonigkrwork. 


«id on his arrival .next inoming at.nine, 
.ailsed W ^ work had gone in the 
lne■ntime*^' ^ .enieig^^ limn bis 
iaa<^ «l dtt sttidna of *Oitwdd 
.SoUHers’ was a awe sign dha things were. 

D RSPITE' to ’hiddtaea'’'asi 

peatoeMeTt J. 'l|.:''.1%innsi;iia'.''^ 

' .iiRip 'or-tMifiaaitaai ditowityy ihe tpad.;: 


iitoe 'pafftwaaed 'iyi.i iali«ntot^'.ititmi^. 
dan who soon leianed that, at itt costs, 
ThOttSMimtst be ftev^ated front 
toudiiiig Ihe Qthciwise, his 

. awkwasdains would tottoAly naait S» 


ninit, which be found inside the body of 
die female. KolHfcef found sperm osU^ 
typical (rfoepbalopods, and jamped;iadie 
conclusion that be had discovered the,elu¬ 
sive male Atgonaut which, heimncined, 
Itod as a parasite in the fefflale:--whidi is 
'..not .the, case. 

. lit his e^p»ness to puUisb, to 
' yepted” m'idence. to to*>t on totoila 
. to^iifous dhistratjons of die gto, mti^' 
tory aytteni and <dgestiee tract .el'tolo- 
oaited male Argonaut. Subsequcmil^,-in 
1S53, when Heiniich MueHer of OerMmy 
dtaaSbed the real male, XoUikerieatoni 
to otror: he ^lortingly attadied.ator- 
' dg e m i tm to MueBer’i ji^r. Ttk-ftiMiiid 
mtoaotommnt, to bmto to aMifeod 
tototori«fjtoooas:'rii|totoi^^ 






SCIENCE SHAPES LIFE 


PERSECUTED BY DEAFNESS 

When one's normal hearing gets dulled, 
says a repori from the US by 
Stanford University psychologists, 
paranoia often follows. The persons, 
unable to catch the entire conversation, 
often feel that the “whisperers" are 
cither conspiring against them or ridi¬ 
culing them. As a result they become 
sad, suspicious and, at times, can¬ 
tankerous. This problem has been 
noticed in several old people whose 
hearing is dimmed. 

The Stanford psychologists 
designed an experiment to verify if 
there is any link between the handicap 
and paranoia. They hypnotised a set of 
healthy Students: some of the hyp¬ 
notised students were told they'd wake 
up partially deaf and others were hyp¬ 
notised without any such suggestion. Of 
the hypnotised hearing impaired group, 
only some knew that their hearing abil¬ 
ity had been impaired. All three sets of 
students' reactions were then rated by 
standard personality tests. The hearing 
impaired group who were uifaware of 
their deafness did show a greater 
degree of paranoia than the others. 

Fven in hospitals, it has been found, 
more deaf people were paranoid than 
otherwisi;. Involuntary isolation and 
numerous misunderstandings arise 
from the problem. The aging person 
himself does not realise that his hearing 
IS tailing and thus becomes paranoid. 
His relatives also, not knowing the root 
of the problem, think that the person is 
becoming senile. 

CANCER REVEALED IN CHROMO- 
, SOMES? 

I For years, scientists have wondered 
I whether cancer cells have normal 
; chromosomc.s—the rod-shaped bodies 
i rich in nucleic acids, proteins, amongst 
other chemicals. Recent studies by 
geneticists at the University of Min¬ 
nesota, USA, took a hard close look at 
chromosomes. I'hey found that cancer 
cells, obtained from patients with 
leukemia and breast, colon and cervix 
cancer, all exhibited certain anomalies in 
chromosome structure. The question 
whether these abnormalities are com¬ 
mon in different people with the same 
cancer is yet to be answered. 

Dr. Jorge Yunis and his colleagues 
combined the techniques of high- 
powared microscopy with those of 
biochemistry to get a better look at the 
chromosomes. Stained chromosomes 
with lOfX) and even .KXK) bands rather 
than the previous 200 to 300 bands per 
complete set were obtained. The 
researchers have even identified 10 
genes per band and have come close to 


pinpointing the groups of genes respons¬ 
ible for particular cancers. 

This finding holds out promise for 
patients suffering from different types of 
cancers. Besides quick diagnosis and 
confirmation of cancer, tlits technique 
gives an idea about the extent of can¬ 
cerous damage and the consequent 
survival period for the patient. Now, 
hopefully, differences in chromosomal 
abnormalities will differentiate between 
a patient who can live for, say, one 
moriln or five years and the time of 
treatment can also he determined 
accordingly. 

SUGAR COATS TO PROTECT 
FRUITS 

Peter Lowings ol the Department of 
Applied Biology, Cambridge Univcrsi-' 
ty. UK, has come up with a discovery. 

MONA USA*B GARB 


He has successfully devised a protective 
coating for soft fruits like bananas ancl 
peaches, to prevent them from honing 
fast. The treated fruits acquire a longer 
shelf-life. 

The coating consists of u film of suc¬ 
rose, esters of fatty acids and some com¬ 
plex sugars. The mixture is sprayed and 
gradually allowed to dry; an effective 
barrier is formed which prevents the 
atmospheric oxygen from entering the 
fruit, but allows the carbon dioxide pro¬ 
duced inside the fruit to escape. Water, 
in addition to compounds like esters and 
aldehydes that contribute to flavour, is 
retained intact within the fruit. 

With this new coating, fruits can be 
transported easily without their getting 
spoilt. And, above all, you needn't wash 
them—the sugar coating has no harmful 
effects. 



Mona Lisa has the knack of coming into 
the news often enough without even 
batting an eyelid. Not content with 
admiring' the enigmatic portrait, sci¬ 
entists have often come up with fan^ 
tasdc theories and conclusions. Some 
time back they attritoted her flawless 
complexion to pre|nafic^. With her 
enigmatic close^ippeti sinile» according 
to one, she wds hiWpg decided teeth. 
And Iheie have brother statements 
about her hedth or con¬ 
dition we ^ kblc to verify. 

Right nbw US phjimeiet John Armus has 
another dxirfanatf dn for the. mischief 
in tlmt it seems 

had^ wb Rothes on: 

ifdMJ cah:^ Sure dkis time? Np, 
tbe« iWta wi^ sacuraily not allow 
sOch taniperiiig.,^iaittt Anmts won't give, 
ep. He. plM eb'jme oompuier 


for the painting. By subtracting.;, 
the yellowish tinge which the yamith 
acquires on ag^g, he has tnanag^ tp'-j 
simulate the pottrait as it look^ wtinp)^ 
just completed. In his “Just fihlsl^^it 
portrait, Mona Usa acqiures an dabanti 
ter complexion. Armus got his 
from an historian Cario Pedretti, 
versity of California, Los Angeles, whip';' 
riiinks the dress was painted on latiliar ; 
because Leonardo da Vinci's otJiei:'' 
paintings around that time alt had 
nudes and MrtiaBy dressed women, 

By extenoii^ the oemputer teehiik 
que Armus h«ipes:.tb identify ai<aiaB.:pf r 
unttsual (dgmeiifs. which might indleiitev;^ 
that the gown .wan tMpted on afyar ttm! ^ 
pOTUrah. was comfileted. iioiwi fy(r jMs ^ 
i»nq|>iuer..v«(rBftanin wiUmiceiied aiie i 
inve yet ld.aef. And If tfyi gMh wesy; 
, paintM edl'there is another ieaser: was'' i 
I Ji at th^ Inatanpa <^, lWeesoo .dell' 
•ISiaiiwadatidhhnitlMnd?' 

















A ROSE OF ANOTHER AQE 

If you've ever wondered what the rose 
ancestor looked like, you now have a 
clue. Swedish scientists sifting through 
sediments have found an intact rose 
which bloomed in the late cretaceous 
period when the last of the dinosaurs, 
large flying reptiles and marine reptiles 
were around. It is rare to find an entire 
fossil floyver and scientists have had to 
make do with imprints or fossils of fruit 
and pollen. This 80-million-year-old 
blossom which has been miraculously 
preserved looked like a bit of charcoal 
to the naked eye. When pul under the 
electron microscope, however, it 
looked like this 



WOMEN COPE BETTER WITH 
WIDOWHOOD 

Widows usually oulnumber widowers 
mainly because women generally out¬ 
live men and ihus there are fewer 
widowers to begin with. But there 
seems be one other reason too. K. J 
Helsing, M. Szklo and G. W. Comstock, 
Johns Hopkins University, Baltimore, 
USA, have found that widowers died 
sooner than married men ol the same 
age and circumstances; widows, how¬ 
ever, dirt not~differ from married 
women. Why this is so is yet to be 
studied. 

The researchers waded through 12 
years of census records and studied 
4,000 widowed persons aged 18 or 
more. They included such factors as 
smoking history and number of house¬ 
mates, which would affect mortality. 
And strange as it may seem, though 
widowers died sooner, they died 
of the same natural causes and diseases 
as their non-bereaved counterparts. 
This probably indicates how much dif¬ 
ference marriage makes for a man's 
health! The same, however, cannot be 
said of women—marriage seems to 
make little difference. 

This is underlined by the fact that the 
death of widowers occurs several years 
after bereavement and so trauma can be 
ruled out. Remarried widowers,on the 
other hand, had a lower mortality rate 
than even the control group! 


MORE PROBLEMS FOR DIMtnCS 

Now there is one more problem for the 
diabetics. Surviving with the metabolic 
disorder, diabetes (where the insulin 
production is affected and consequent 
defect in carbohydrate metabolism), 
entails difficulties such as delayed 
wound healing and proneness to car¬ 
diovascular diseases. 

Latest research findings at the Edin¬ 
burgh Royal Infirmary's diabetic and 
dietetic department reveals that the var¬ 
ious intrauterine devices (lUDs) such as 
loops, T-coils and shields, whether made 
of copper or plastic, are ineffective 
in diabetic women. One clinic reported 
that nearly one-third of the diabetic lUD 
users become pregnant within one year. 
As early as 1974, a Danish group had 
published similar results. 

These results are indeed disturbing, as 
the lUD had always been considered the 
best form of contraception for diabetic 
women. The pills have their own limi¬ 
tations, more so in diabetics, where the 
risk of cardiovascular diseases is high. 

What arc the reasons for the high rate 
of failure of lUDs in diabetics? It seems 
the reason lies in the biochemistry of the 
blood proteins. Fibrin, a protein, re¬ 
quisite for blood clotting, is also neces¬ 
sary in the uterus for the successful 
implantation of the fertilised ovum. In 
normal women, the lUDs seem to accel¬ 
erate the breakdown of fibrin, while in 
diabetics this breakdown is retarded. 
This ensures adequate amounts of fibrin 
for implantation and thus leads to failure 
of tUDS. 

DIAMONDS IN THE SKY 

Where docs one look for diamonds? 
Right in the cores of Uranus and Nep¬ 
tune, the gassy planets in the outer solar 
system which arc nearly three times as 
massive as Earth. Both planets have 
abundant sources of carbon, of which 
diitmtmd is-but <>ne fornH the carbon 
comes from the dissociation of methane 
unilcr high temperatures and pressures. 

Marvin Ross and his colleague F. H. 
Rcc of the Lawrence Livermore 
National Laboratory, California, USA, 
calculated the equilibrium between 
methane, carbon and hydrogen under 
the temperature and pressure con¬ 
ditions existing in the planets. Both the 
planets are believed to have a rocky 
core topped by a thick layer of water, 
liquid ammonia and methane which is 
curiously known as the ice layer. Both 
planets have an atmosphere consisting 
mainly of hydrogen and helium. 

The ice layer is subjected to intense 
pressure and temperature, llie pressure 
increases from 2(X),(KXJ atmospheres at 
the top of the ice layer to around six 
million atmospheres at the rocky core; 
the temperature increases similarly from 
220(rK to 7000"K. Water and liquid 
•ammonia can be compressed but 


medkaue dissodatdi uaaer ibett eemdi- 
tions.and the carbon settles on the rocky 
core, probably as diamonds, say the 
scientists. The diamond layer would 
constitute about 17 per cent of the 
planetary mass! Under the extreme tem¬ 
perature and pressure at the inner por¬ 
tion of the ice, the diamond layer would 
probably metamorphose into metallic 
carbon, a form that has not been seen on 
Earth 

SELECTIVE ABORTION 

When a pregnant woman has more than 
one fetus and one is defective, it can be 
selectively aborted. The first time the 
technique had been successfully carried 
out is in Sweden. The second case has 
just been carried out in the US. The case 
relates to a 40-year-old woman 17 weeks 
pregnant. Amniocentesis showed that 
she was carrying twins and the fetus 
located on top was abnormal. 

Weighing the pros and cons, the 
woman opted for aborting the defective 
fetus. The point in favour of the deci¬ 
sion was a fair chance of success of the 
medical intervention and not having to 
raise a mentally subnormal baby. The 
disadvantages? The wrong fetus or both 
fetuses could be destroyed and a prob¬ 
ability of the premature delivery of the 
surviving fetus. 



Locating the fetuses by ultrasound 
on a television screen, obstetrician 
Thomas Kerenyi and his team at the Mt. 
Sinai School of Medicine, New York 
City, inserted a needle into the heart of 
the affected fetus and drew out nearly 
50 per cent of the total blood volume. 
The heartbeat ground slowly to a halt. 
The blood sample analysis showed that 
it was indeed the abnormal baby that 
was destroyed; the normal baby weigh¬ 
ing 3.2 kg was born at full term along 
with the destroyed fetus weighing 
around 60 g. 




THBirS CANCSRON THE ROAD... 

Women living along streets with heavy 
traffic (a minimum of more than 15,000 ^ 
vehicles a day) are twice as prone to 
cancer of the lung than women living 
along less busy roads; men aren't simi¬ 
larly affected. These are the findings of 
a paper by Lincoln Polissar and Homer 
Warner at the Fred Hutchinson Cancer 
Research Center, Seattle, USA. 

Lung cancer was selected because it 
could be linked with inhalation of auto- 


trolytes in a bottled drink delay the 
hydration process. 

Most soft drinks marketed in the US, 
according to a report in Sportsmedicine 
Digest, are hypertonic—they contain 
higher concentration of the electrolytes 
sodium and potassium, than the body 
fluids. As a result, when ingested, they 
tend to draw out body fluids into the 
stomach. This is the body's mechanism 
for diluting the excess electrolytes; only 
after dilution can the beverage be 
absorbed. In the case of water there 


INSECT EXCHANGE 

When a group of scientists from the US 
Department of Agriculture went to 
China, they carried with them a strange 
gift—wasps. And on their return they . 
were given green lacewings, predatory 
mites and parasitic wasps. 

In the early days explorers nearly 
always took home with them the exotic 
and strange species of animals and . 
plants they came across. But the current . 
Sino-American barter is not for such ' 


exhaust fumes. Despite matching age, 
socio-economic conditions and geo¬ 
graphic district, the study did not take 
into account factors like smoking which 
arc strongly linked to lung cancer. 

Using the local tumour registry, the 
researchers used three analy.ses to 
locate patients and correlate them with 
traffic density. However, the study 
started out to verify an earlier finding 
by Swiss scientist Max Blunter, which, it 
found was not statistically significant. 
Blumer had found that the risk 
increa.ses by a factor of 9.0 for all types 
of cancers. Polissar explains the dis¬ 
crepancy as due to differences in the two 
studies. Blumer found an elevated risk 
for all cancers; we* studied only lung 
cancer... Blumcr's retrospective cohort 
study followed people forward in 
time, while we imprinted the level of 
past exposu/e from the traffic volume 
of the current address.” 

# 

...AND IN DAD'S OFFICE 

How can your work harm your child? 
Children whose dads (or moms) work in 
certain industries arc more prone to 
brain tumours. .Scientists at the Univer¬ 
sity of Southern California School of 
Medicine, USA. found that if parents 
worked with chemicals, their children 
were thrice as likely to have brain 
tumours. 

Ninety-two children with brain 
tumours and an equal number of 
matched controls were studied. All 
children were younger than 10 years. 
Children of fathers exposed to paints 
ran a risk seven times greater. Thirteen 
per cent of the fathers with affected 
children worked in the aircraft indus¬ 
try; only two percent of the fathers of 
healthy children were in the aircraft 
industry. 

The researchers cannot pinpoint the 
causative factor(s) but it is probable 
that the carcinogens hitch hike on the 
work clothes. Incidentally men in the 
aircraft industry also run a higher risk of 
developing brain tumours—the most 
common cancer after leukemia. 

WATER 18 THE BEST THIRST-AID 

If it is for quenching thirst, plain water 
would be your best choice—not a bot¬ 
tled drink. Thirst is a sign that the body 

dehydrated and the excess elec¬ 


would be no such diversion in the path 



ot absorption. Patrica Beckwith of 
Children's Hospital, Los Angeles, USA 
who made the survey of the several 
marketed soft drinks recommends 
diluting the drink, especially after 
strenous sports. If you must have soft 
drink, dilute it. 

But does not the body lose elec¬ 
trolytes during heavy sweating? Yes, it 
does. And need the salts not be 
replenished immediately and should 
not the soft drinks help? Not if you’ve 
had a normal meal before the strenuous 
activity. 

AIRCRAFT MAKE RAIN 

Aircraft pollution has a positive side 
too, says the Head of the Atmospheric 
Sciences Division of the Illinois Water 
Survey Department. It seems the areas 
around Chicago, USA, are always 
cloudy and grey, presumably because of 
the exhaust fumes of the overflying jets 
using the world's busiest airport— 
O'Hare airport. 

The weather experts .say that this 
makes the days in the highly polluted 
areas cooler and more rainy. The same, 
however, cannot be said of the areas 
lying outside the flight paths. But that’s 
not all. The cloud cover traps heat at 
nigiit making the nights and winters sul¬ 
try and warm. Evaporation from the 
ground is considerably reduced, pro* 
viding a rich source of moisture to the 
plants. Naturally, farmers view this with 
great joy—the aircraft now give them 
rain and ample moisture to grow their 
crops. 


curious mementos. The US has many 
agricultural insect pests that are not 
native; in their new environment the 
insects lack their natural enemies, and 
as a result thrive and become a menace, 
says Joan Wallace of the US Depart¬ 
ment of Agriculture. The gifts from 
China arc expected to control cotton 
(ind tobacco pests, mites that harm veg¬ 
etables and citrus fruits, parasite gypsy 
moths and other forest pests. Tlie 
American wasps in China arc expected 
in return to be used to control aphids 
and caterpillars there. 

riie insects from China are now being 
sent to universities for testing under 
quarantine conditions before field 
experiments lest there be some 
unforeseen factors and the whole pro¬ 
ject misfires. 

COAL-DRIVEN AUTOMOBILE 

A new technique that has made it poss¬ 
ible to grind coal into extremely fine 
powder will pave the way for the coal- 
driven car. The ultiafine powder, car¬ 
ried from the automobile's storage tank 
to the engine by a streamof compressed 
air, burns very well. 

General Motors, USA, has 
developed two prototype models of the 
coal car. However, further mod¬ 
ifications are required for the engine 
before the car can be put on the road. 
When the powdered fuel production 
goes on to a commercial scale, it is 
expected to cost 0.6 times the cost of 
crude oil production. Coal refining and 
powdering for automobile fuel will 
probably help to solve the energy prob¬ 
lems of many countries. Coal is more 
plentiful than oil, and cheaper too. 
Even fares may come down! 












Tha L-i0n>500k tadinology sM> It apart 
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Hiiig*nn9c jcuinBroi inc ciyiiimi. 

You're looking at the long-range 
member of the Lockheed's family of 
L-1011 TriStars. It brings airlines a 
combination of exclusive features 
that give the L-1011 a level of 
technological genius. 

Those features make the L-1011- 
500 uniquely qualified to serve airlines 
profitably on one of the fastest 
growing sectors of passenger travel- 
long; moderately traveled routes of 
more than 3000 miles. 

Look at the long, graceful wings in 
the picture above. They've been 
lengthened nine feel since the L-1011 
first went into service. This reduces 
drag and saves impressive amounts of 
fueL It also produces the smoothest 
flight inthoskies. Only the L-1011 has 
been able to lengthen its wings to 
help offset the soaring price of fuel. 
An exclusive system of computer- 
driven Active Controls made this 
possible. They adjust wing ailerons 
automatically to reduce aerodynamic 
loads on the L-1011 -500's wings. The 
L-1011 is the only aircraft operating 
with Active Controls. 

AMthcr fiicKiavliig eiKliisI^ 

An exclusive Flight Management 
System automatically selects the best 
speed and power levels, and then 
controls throttles in flight to save even 
more fuel. 

Another exclusive system * Direct 
Lift Control - gives the pilot more 


control at all times on the glide path as 
the L-1011 approaches the runway. 
This smooths out the ups-and-downs 
experienced on other jetliners. 

Then there's the exclusive Flying 
Tail. It's the only one found on big 
jetliners. The entire horizontal 
stabilizer moves at the pilot's 
command instead of flaps at the rear 
of it. This gives the pilot more control 
at all times. 

TKhnology cuts mabitenaiKe COM 

Lockheed has not neglected the 
critical area of maintenance costs. A 
new digital autopilot has entered 
service recently on two L-1011 airlines. 
Smaller, lighter, and without moving 
parts, it's 150% more reliable than 
current systems. The L-1011 is the first 
big jetliner to introduce such a 
maintenance-saving system. 

Another L-1011 system is found on 
few other aircraft It's a system that 
enables the L-1011 to land routinely 
at some airports in bad weather that 
turns other iGlIiners away. This not only 
is another fuel saver, it spares 
assengers the inconvenience of 
eing diverted to other airports. 

The L*1011 keeps getting better. 

Most of these systems have been 
added to the L-1011 since it first flew. 
In fart, the L-1011 is proving to be 
remarkably able to accept new 
technology that helps keep it the most 
modern jetliner in the skies. 

In a sen.se, the L-1011-500 has yet 
another exclusive. It is the smallest of 
the big, wide-cabin, three-engine 


jetliners. That small size, coupled with 
the L-1011-500's array of technological 
exclusives, helps give it an unmatched 
combination of low plane mile and 
seal mile costs. And that translates 
into superior profitability on long, 
moderately traveled routes. The new 
two-engmc* jetliners being dev(»loped 
are not L-1011 -500 competitors. They 
lack the range for long routes; nor can 
they be certificated to carry passengers 
over long stretches of ocean. T hat 
requires three engines. Ihe big four- 
engine jetliners have much higher 
acquisition and operating costs than 
the L-1011-500 lor long, moderately 
traveled routes. 

Open skies and other changes. 

More and more, agreements among 
nations are resulting in "open skies" 
that permit airlines to pioneei new 
routes. More and more, passengers 
want to fly direct Instead of spending 
lime In airports wailing for c onnecring 
flights. In snort, the times have changed 
radically, and the L-1011 -500, with its 
superior technology and unequalled 
combination of low plane mile and 
seat mile costs, gives airlines a 
competitive advantage. It's a flexible 
jetliner. 

By 1985, 32% of the routes will be 
long and moderately traveled. That 
figure was only 25% In 1975. If you're 
interested in developing new routes 
in a changing, competitive environ¬ 
ment, hadn't you better get interested 
in the L-1 on-500? 
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lother 8rib^als--H^ is a^tlrniing 
device which i^gulates our daily 
activity to synchronise more or less 
with the 24-hour geophysical day. 
These biological rhythms, known 
popularly as biological clocks, may 
consist of over a hundred different 
functions. Some of these rhythms arc 
upset easily while some—like the 
potassium levels in blood—arc more 
tenacious. 

Like man-made clocks, our biolo¬ 
gical clocks may also run faster or 
slower than normal and when this 
happens the person is likely to feel 
under the weather. What keeps our 
biological clock attuned are environ¬ 
mental and social cues. 

In the sixties a young splcologist 
was interred in an ice cave in the 
French Alps for 63 days without any 
clues as to what was happening in the 
outside world. He kept a record of 
his sicep-wakcfuincss cycle, counted 
the days and reported on his general 
well-being. At the end of the exneri- 
incnt he had mentally lost days. 
Without his knowledge, his biologic¬ 
al clock which had a “free run” had 
clocked an average day of 24 hours 
31 minutes. Only once during this 
entire period did his biological clock 
sN'iichronisc with the outside world 
and an examination of his record 
later showed that this was the only 
liny he ^had reported feeling fine. 
When allowed to run tree, our biolo¬ 
gical clocks usually run slower: there 
arc instances, however, when they do 
speed up. A physician experimenting 
on his flu-affcctcd wile found that 
licr lime flew faster the higher her 
tever rose. One explanation is that at 
higher temperatures our body pro¬ 
cesses speed up and therefore prob¬ 
ably our biological clock speeds up. 

Since our biological clocks can go 
awry it is necessary to know how 
desynchronisation affects us and how' 
keep our body clocks properly 
tuned. Biological clocks have been 
intensively studied lor the past two 
decades in the US, Luropc and 
Japan. 

('. W. Hufcland wrote in \7^)7, 

Thai period of 24 hours, lormed by 
the regular revolution of our Larth. 
in which all its inhabitants partake, is 
particularly distinguished in the phy¬ 
sical economy of man.... It is, as it 
were, the unity of our natural chro¬ 
nology." The regular revolution ot 
the Earth, alluded to by Hufcland, 
generates the 24-hour calendar day. 
Sunrise and sunset form the most 
universal, reliable and noise-frcc 
lime cues or Zeitgebers (German for 
time givers) for the biological clocks, 
in fact light/darkness (LD) cycles, 
both in nature and in the laboratory, 
arc such major entraining agents (or 


rhythmsr-that of a leaf-cutter bee of 
South America and of humans—have 
ever been reported to defy entrain¬ 
ment. Both cases may, however, 
need some up-dating if not complete 
revision. 

Cues that tune biological clocks 
may be strong or weak or subtle. 
Light and darkness, as mentioned, 
are strong. Temperature cycles arc 
also known to synchronise biological 
clocks effectively. 

Weak cues may he “sociar" in 
origin for some higher animals and 
man, or (hey may he availability 
of food and water—they arc for 
the common Indian squiircl, food 
cycles and for the squirrel monkey. 


^th tow aid Svatcr: ’flic jiiuch ; 
disputed subtle cues find a staunch 
supporter and champion in F. A. 
Brown, .Ir, formerly Morrison Pro-' ; 
fessor of Biology, North-Western . 
University, Illinois, USA. For well 
over KKI years now, the subtle cucjf,, | 
variously ascribed to an ‘X' factor in 
the environment, cosmic ray show- ,5 
ers, electrostatic and magnetostatic 
field variations attending the rotation J 
of the Earth, etc, have been invoked 
to account for the biological rhythms '4 
that persisted under constant condi- 
tions in the laboratory and in caves. 
Magnetic fields appear to be ‘in' now 
with the recent findings of W. Wilt- 
schko and R. Wiltschko of the Uni- 
versily of Frankfurt, FRG, of rpagne- | 


Tuning 

our 

body 

clock 

M. K. Chandrashekaran 

The desynchronised biological 
clock may be the cause 
of stress and depression 




cmnttfdon th pigeons/ 
' Interestingly, as demonstrated by K. 
Schmidt-Koenig, presently at the 
University of Tuebingen, FRG, pi¬ 
geons possess precise biological 
clocks. 

The subtle cues supporters, chiefly 
Prof. Brown, also often subscribe to 
an exogenous nature for biological 
timing, making the expression 'biolo- 

f ical clocks' thereby anachronistic, 
lowever, a vast body of evidence 
has accumulated implicating the en¬ 
dogenous, heritable and genetic na¬ 
ture of the biological clock. Whether 
the subtle cues have a Zeitf^eher— 
synchroniser—status is controver¬ 
sial. Controversy apart, let us sec 
how biological clocks in animals and 
man are tuned by demonstrably so¬ 
cial factors. 

Tuned and free-running clocks 

Most biological rhythms are in a 
state of strict entrainment by sunrise/ 
sunset to the 24-hour geophysical 
day. They arc tuned daily (Fig. 1). 
When animals, plants and humans 
are removed into apparent-time- 
cueless conditions as in a cave, bunk¬ 
er or laboratory, the rhythms free- 
run resorting to an inherited £*/gc/i- 
frequenz (German for innate frequen¬ 
cy) which is always a little shorter or 
longer than 24 hours (Fig. 2). Free 
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Fiq. 1 1^'rne of Day 

Entrained state of the biological rhythm in 
the flight activity of a microchiropteran 
male bat under natural light darkness con¬ 
ditions. The recording was done in the 
laboratory. The vertical markings denote 
flight, intense activity cause bands and rest 
is indicated by horizontal tracings 
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Free-running ^fate of the flight activity 
rhythm of a, fhii^rochiropteran male bat 
whfh recorded under continuous dim light 
of ir4t]p( in the l^oratory. The period is 
*on^than::2A.Hfjyr8 


ture of the rhythm. It is the antithesis 
of tuning or entrainment. 

Nathaniel Kleitman formerly of 
the University of Chicago, a pioneer 
on sleep/wakcfulness activity in hu¬ 
mans and Bruce Richardson shut 
themselves up in a chamber of the 
mammoth cave in Kentucky, USA, 
in 1938. They wanted to see if they 
could adjust their clock to any period 
other than 24 hours. They spent 32 
days in the cave living in a self- 
created 28-hour cycle of 19 hours 
activity and 9 hours rest. They 
wanted to see if they could stretch 
the clock beyond Eigenfrequenz. 
Richardson (23 years old) could reset 
his clock but Kleitman (43) could not 
adjust to this regimen. Richardson's 
biological clock inside the mammoth 
cave is the first scientific record of a 
‘free-run' in humans in the modern 
research tradition. 

Social synchronisation 

When certain precision and pre¬ 
dictability in the activity of orga¬ 
nisms arc observed to coincide with 
similar temporal features of an en¬ 
vironmental factor we talk of possi¬ 
ble entrainment. In the case of anim¬ 
al populations, the question of 'social 
interactions' arises. Individual be¬ 
haviour may be ‘triggered'. Howev¬ 
er, the mutual synchronisation of the 
rest of the clocks of a population 
might follow a social basis if only the 
‘leader’ or ‘alpha’ animals are acti¬ 
vated. It is a common observation 
that most birds and social mammals 
leave and return to their roosting 
sites en masse. This “emergence by 
coup" is definitely a socially synchro¬ 
nised event which is meant to confuse 
predators. 

In 1966 one of the early studies 
attempting to socially entrain (tune) 
the biological clock in the common 
sparrow. Passer domesticus. made 
use of the songs of conspecifics. The 
locomotor rhythm of the sparrow 
was successfully driven by playing 
back the bird song for four-and-a- 
half hours each day. Similar results 
came in for two other species of birds 
the same year and the findings gener¬ 
ated much scientific enthusiasm since 
it ail appeared to be in the fitness of 
things. However, a year later it was 
found, somewhat unromantically, 
that cvclcs of mechanical noise admi¬ 
nistered by a loud buzzer entrained 
activity rhythms of three species of 
passerine birds! 

Activity rhythms of some mam¬ 
mals have been shown to be influ¬ 
enced by other members of the 
specie.s. Red wolf-coyote hybrids, it 
has been found, mutually synchronise 
their activity rhythms. Two pacl^s of 
red wolf-coyote hybrids consisting of 


were studied first in sepamte enido- 
sures and then together. When united, 
their activity rhytnms which were diffe¬ 
rent, tended to synchronise. The 
periodic bouts of howling the animals 
indulge in during maximum activity 
might have acted as a synchroniser. 


Studies on the influence of social 
history and crowding on the activity 
patterns of domesticated strains of 
mice (Mus muscuius) and brown rats 
(Raifus norvegicus) reveal that 
crowding produced a shift in the 
rhythm of activity from primary noc- 
turnality to primary diurnality, espe¬ 
cially among males. But normality of 
the rhythm of activity is maintained 
only by two completely divergent 
types of animals; nrst, the socially 
most dominant individuals and 
second^ those individuals whose be¬ 
havioural and perceptual maturation 
is so poor that they behave as if they 
are mostly unaware of the presence 
of associates. Domestication in anim¬ 
als may in itself bring about be¬ 
havioural abnormalities, such as the 
second category. (It is doubtful if 
animals would ever be behaviourally so 
degenerate as to be “mostly unaware 
of the presence of associates" in 
nature, and if they were, whether 
these individuals would not be eli¬ 
minated by selection pressure.) 


In deer mice, activity and even 
metabolic and feeding rhythms show 
modifications which are traceable to 
social interactions occurring within 
the hierarchical structure of the habi¬ 
tat. Isolated dominant males and 
habitat dominant males had signifi¬ 
cantly higher mean daily oxygen con¬ 
sumption than cither isolated or 
habitat intermediates or subordin¬ 
ates. All ranks showed synchrony 
with LD cycles. 


Synchronisation by ultrasonics 

Laboratory studies have their limi¬ 
tations, especially when they pertain 
to behaviour. Field ethological stu¬ 
dies on the behaviour and biological 
clocks of microchiropteran bats have 
been curried out in Madurai inside 
natural caves. 

A colony of about 4(K) to 5(K) 
insectivorous bats of the species Hip- 
posideros specoris inhabit a ‘true 
cave' (that is, a cave with just one 
opening) close to the Madurai Uni¬ 
versity campus. 1'he cave has several 
labyrinthine ramifications 15 to 50 m 
deep, that is, from its mouth. The 
bats use several of these pockets as 
their daytime roosting place. Most 
roosting spots show great constancy 
of temperature (27'C) and humidity 
(95 per cent) and the darkness is 
absolute, day and night. Within the 
cave, there is hardly any clue to the 








days in the other two cases recorded 40 metres inside a narrow 'true cave' The bats could 
ffy within the flight activity cages and the movements of the cages were directly 
recorded. Activity bouts are indicated by vertical patches and the horizontal lines indicate 
rest. The activity/rest data are schematised from original data and presented one below 
the other for successive days 


passing, of time. Yet foraging flight 
occurs regularly 10 to 15 minutes 
after sunset. It is clear that the 
animals arc aware of the sunset. 

The sequence of events culminat¬ 
ing in such regular outflights are as 
follows. The hats awaken well before 
sunset. They then stretch, preen 
themselves and undertake short 
flig'hts within the dark recesses. They 
fly into an outer chamber that opens 
to the world outside through a small 
window-like mouth; in this chamber 
they ‘‘sample light ". When it gets 
sufficiently dark outside they fly out. 

rhe first question that arose was: 
should each bat sample light for itself 
or would conspecifies relay the infi)r- 


mation to those in the interior re¬ 
gion? rhe only way to find this out was 
to keep a tew bats prisoners in their 
own cave 40 m deep and record their 
flight activity. Flight cages with writ¬ 
ing stylets and nieelianieally wound 
ihermohygrograph drums were used 
in the study (l*ig. 3). Ihc activity 
data of the experiment which lasted 
50 days (the blotches in Fig 4) show 
that even the captive bats recognised 
the time. That means ihe tree-flying 
conspecifies apparently Iransmii Ihe 
news <if the sunset. 

A second experiment further prob¬ 
ed the hypothesis of social biological 
rhythms synehronisaUon in this bat 
If free-llying members'ot the bat 
colony transmitted the message ot 
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The flight activity cages and mechanically wound thermohygrograph drums used m 
recording the flight activity of captive bats 40 m deep in a true cave in Madurai 


tiilie, ihouHtfi't a Mt tii a 

solitary cave be helpless? Tlte solit¬ 
ary bat is indeed helpless as regards 
time (Fig. 5). Its rhythm “freenruns” 
and gains about 20 minutes every 
day. » 

The following factors might medi- J 
ate in the synchronising process: (1) . 
flight noise of free-flying members, 

(2) some unknown pheromonal or 
chemical message emitted by the 
flying bats, and (3) ultrasound that 
these bats emit. 

The first two factors are present 
continuously inside the caves; 
however, they could steeply inten- ' 
sify. While not ruling this out com¬ 
pletely we find the ultrasonics factor 
as the most interesting Zeitgeber. 

This bat is silent to humans. Ultra¬ 
sound has been demonstrably used 
by bats only to catch prey, avoid 
obstacles and in such other immedi¬ 
ate behavioural contexts (SC’lt-NCE 
Today. November 1980, p. 36). If 
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A double plot of activity rest pattern of a 
solitary male Hipposideros speoris bat re¬ 
corded m a cave without any conspecifies 
over a period of 50 days Black dots indicate 
feeding time. The details are schematised 
from original felt pen tracings. Other de¬ 
tails as in the previous figure 

we can establish the Zeitgeher role of 
ultrasonics in bats wc would be giving 
it a new and social dimension. Ex¬ 
periments to unravel the phenome¬ 
non (with tape-recorded ultrasound, 
sou mi-proof experimental^ cubicles, 
etc) are underway in Madurai. 

Social cues and human clocks 

The experiments of E. Poeppel 
(I%8) arc to the point. When hu¬ 
mans iKc kept in isolation in a bunker 
and denied knowledge of all lime 
cues, their circadian rhythm in body 
temperature runs slower losing about 
one hour for every 24 hours. Their day 
thus lends to be 25 hours long (t = 25 
h) (Fig. 6). There are, however, 
inlcrindividual variations in t, which 
decreases if several human subjects 
are allowed to stay in the bunker. 
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then ttsuntly shdW the same 
circadian period which, nevertheless, 
is greater than 24 hours. Interestingly 
a 'compromise* on period length 
appears to be easier with two 
subjects .than with four. 

R. Wever working in the 
bunker of the Max-Planck-Institut at 
Erling, FRG, found that LD cycles 
did not entrain any of the several 
circadian rhythms demonstrated in 
human subjects. I'hc studies were 
carried out in hermetic isolation us- 
‘ ing ei^ht human subjects. In contrast 
to this finding, 16 subjects living 
under the influence of LD cycles with 
supplementary sounds of a gong 
offered at regular intervals synchro¬ 
nised their circadian rhythms to the 
LD cycles (Mg. 7). Apparently artifi¬ 
cial LD cycles are a very weak 
Zeitgeber but become effective when 
complemented by regular acoustic 
signals. Wever concluded that the 
subjects perceived the gong beats as 
'^social contacts" and that in man 
“social" Zeitgehers are more effec¬ 
tive than ^‘physical" synchronisers. 

J. Aschoff and his colleagues per¬ 
formed another experftnent in the 
same bunker to further investigate 
the question of entrainment by 
means of social cues. Three groups of 
two subjects each were kept in 
underground chambers, first for four 
days, in complete darkness. I'hey 
lived on a rigorous time schedule. 
The rhythms measured in physiolo¬ 
gical and psychological functions at 
three-hour intervals looked alike in 
the results tibtained from the two 
segments of the experiment. Social 
cues, knowledge ol lime of day and 
living routine might have entrained 
the circadian rhythms of the subjects 
to a strict 24-hour societal day. The 



Circadian rhythm in a human subject under 
light/darkness cycles. Activity is repre¬ 
sented by horizontal filled bars and rest by 
unfilled bars and maximum of body tem¬ 
perature by triar^ples. Data over several 
days are shown in downward succession 
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Circadian rhythm in a human subject under 
light/darkness cycles supplemented with 
gong beats at frequent intervals. The 
Zeitgeber, ld and gong beats were abrupt¬ 
ly shifted (advanced and delayed) twice 
(days 11 and 21) 

social cues apparently were suffi¬ 
cient to entrain human circadian 
rhythms and the absence of light did 
not change the mean phase and range 
of the socially entrained circadian 
system during four days. 

Recent studies on adjusting to time 
zone changes in humans indicate that 
less disorientation takes place when 
subjects travel in groups and partici¬ 
pate in testing programmes in a 
group setting. Social psychologists 
have pointed out that tne individual 
shows increased motivation when 
performance tests are taken in 
groups rather than in i.solation, and 
in general social influences seem 
important in adjusting to circadian 
rhythms. 

Deviations of the circadian 
rhythms in individuals interestingly 
appear to lead to symptoms of 
stress and distress. In a psychologic¬ 
ally normal man who suffered from a 
severe cyclic sleep-wake disorder, 
investigations showed circadian 
rhythms in body temperature, alert¬ 
ness, performance, cortisol secre¬ 
tion and urinary electrolyte excre¬ 
tion were desynchronised from the 
24-hour societal schedule. The 
rhythms all had periods which were 
indistinguishable from the period of 
the lunar day (24.9h). 

W. Engelmann who first disco¬ 
vered that lithium salts slowed down 
the clock of a flower petal rhythm 
and the clock in the locomotary 
activity of a desert rodent has an 
important and interesting hypothesis. 
He argues that lithium chloride 
(LiCl) when administered to endoge¬ 
nous depressives cures them in a 
matter of a few days to a week 


ai clock. The endoj^etibus depresSve 
has a shorter period length of his 
rhythm than the geophysical day. In 
other words his clock runs fast. The 
malady is cured after a week or more 
of LiCl administration since the clock 
would have slowed down in the 
meantime and Te-entrained' to the 
strict 24-hour periodicity of the 
societal day. Likewise, “sleep depri¬ 
vation" for one, two, three or more 
nights abruptly cured endogenous 
depressive. It is reasoned that the 
sleep-deprivation situation might act 
on the circadian rhythm of humans 
much as ‘inversion' of i.D cycles 
worked on circadian rhythms in gen¬ 
eral. A ISO" shift of LD cycles or their 
inversion generally ‘resets' the 
rhythm entirely, creating a new 
phase angle properly rather abruptly. 
Thus there arc reasons to believe that 
period lengths of the circadian 
rhythm both shorter and longer than 
the exact 24 hours of the societal 
environment might lead to physical 
and psychical disorders in humans. 

So far, little information is indeed 
available on social cues as synchro¬ 
nising agents. In the entire body ol 
literature on sociobiology proper 
emphasis has not been focussed on 
such interactions playing the role of 
synchronising agents to temporal 
sequences of behaviour. And where 
social cues and biological rhythms 
have been considered, the situation 
has been on a rather stimulus- 
response level. More studies are 
needed to establish leatures and the 
nature ot social sviiehionisation ol 
circadian rhythms. A new discipline 
of social chronobiology appears to be 
emerging, which must be of immedi¬ 
ate interest to medical doctors, 
psychiatrists, ethologists and social 
scientists. 


Prof. Chandrashekaran 
took his Ph D degree in 
1964. In the course of 
his work, he quite 
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"tidal rhythms" in an 
intertidal crab and be-. 
came a chronobiolog- 
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doyen of rhythm research, Professor E 
Buenning at the University of Tuebingen, 
FRG, for eight year^ successively as Ger 
man Academic Exchange Service scholar, 
Alexander von Humboldt Fellow and Re 
search Associate of the German Research 
Council (DFG). He was Miller Invitation 
Fellow at Berkeley University of California 
for two years and received the Shanti 
Swarup Bhatnagar Award in Biology for 
1979. He was nominated to the Bodtd of 
Directors, International Society of Chrono¬ 
biology (USA) and elected Member of 
Guha Research Conference in 1981. 
He is currently with Madurai Kamaraj 
University. Tamil Nadu. 









I ... .. _ 

ROUND-UP OF RE5EARCH 


Natural toxins in human foods 


Food is a complex mixture of thousands 
ol different types of chemicals. It also 
contains, a large number of mostly 
uncharactcrised and apparently harmless 
chemicals no known value for human 
nutrition. But since some of the human 
diseases ol unknown origin are m part 
due to chemical exposures, food should 
be investigated. 

In fact, a riuinhcr ot natural com¬ 
ponents ot plant foods are known to have 
induced toxic manifestations in humans 
Ol animals These include cancer induc¬ 
ing e\casin in cycad gymnosperms which 
IS used as a source of starch in Japan, 
p\roli/idine alkaloids, bracken ieim 
toxins, salrole, tannins, besides goit- 
rogens in cabbage, hacmagglutinins in 
beans, oxalates in spinach, and pressor 
amines in bananas. 

Dr. Wayne Ivie and his colleagues ol 
the LI S Department ot Agncultuic in 
lexas {Scicfur, 213 M09) have analysed a 
commonly used \egctahlc in USA called 
parsnip (/V/w//n/< a saliva) for its chemical 
constituents. Parsnip loots obtained 
Irom local supermarkets were found to 
contain thice luiocoumarins, namely 
psoralen, xanthotoxin and bergapten 
wiiK a cumulative concemiaiion of 40 
parts pel millu>n trPMi Further, levels 
1 of none t>l the three conijH)iiiuis were 
I aflecied by washing and cooking ol the 
I vegetable, t>ui peeling the root did result 
I in about 30 per cent reduction of the 
psoralens. In contrast, carixn {Damns 
\iantia), anotliei vegetable related to 
parsnip, which is extensively consumed 
in India, showed little amounts ol the 
compounds. 

Psoralens arc biologically active com¬ 
pounds. In presence ol light,they induce 
toimation ot brown and black pigments 
(inelanisation) in the human skin and are 
Used m the treatment ol skin depig- 
meniation. Ihey are also potent pholo- 
seiisitisers and are known to cause muta¬ 
tions in presence ot ultraviolet light. 
Also, these compounds under certain 
conditions are known to be photo- 
carcinogenic m laboratory animals. "I he 
authors conclude that because ol these 
known toxic, photoactive mutagenic and 
carcinogenic properties of psoralens, 
parsnip and other psoralen- containing 
plants may piesent some toxicological 
risk to man. Thcy,however, also advocate 
epidemiological studies and meas¬ 
urement of psoralens in the-lood. 

Similar to these observations, a 
number ol flavonoid compounds which 
occur in a wide variety of plant foods 
have also been shown to be mutagenic. 
Finally, cooking of food at high temp¬ 
eratures has also been shown to produce 
mutagenic substances. However, the pre¬ 


sence of a toxicant or a mutagen in food 
does not necessarily imply that a hazard 
is imminent. 

It has been said that no human activity 
is devoid ot an element ol risk. Are we 
paying the price of accepting to eat? 

P. S. CHAUHAN 

Dr. Chauhan is with the Mammalian 
Mutagenesis and Biological Safety Sec¬ 
tion of the Biochemistry find Food 
Technology Division, BARC. Bombay. 

Contraceptives and 
heart attacks 

C ()M KAn.-iMivi pills form an important 
part ot the fertility control programme in 
all communities, there have been several 
reports about the various adverse effects 
of the long-term use of pills on human 
physiology. I'lie use of these jails is as.soei- 
ated with increased incidence of heart 
di.seasc, patalytic strokes, high blood 
pressure, diabetes and increased clotting 
tendency of blood. 

As far as heart attacks arc concerned, 
the natural protection enjoyed by women 
during their child-bearing age seems to be 
disturbed by the use of contraceptive pills 
over a j>iolonged period. It remains to he 
seen whether this risk jicrsisis after dis¬ 
continuation of the use of pills and to 
what extent. 

In a cleverly planned and well control¬ 
led liospital-hased study, Di. Dennis 
.Slone and associates analysed the influ¬ 
ence of pills on the incidence of mvocai- 
dial mfaiction (heart attacks). {New 
lami Journal of MvdU inc, 305 420). Five 
hundred and sixty-six women between the 
ages of 25 and 40 years suffering from 
mvocardial infarction were involved 
2.(MM) agc-malched jialien(s admitted for 
vaiious disorders no( related to heart 
disease served as controls. 

Ihe conclusions were revealing and 
could be summarised as follows: 
I) women who were using oral contracejv 
livc pills were three to four times more sus¬ 
ceptible to heart attacks as comjiared to 
controls; 2)the incidence of heart attacks 
increased with the duration of the use of 
pills; 3)evcn in women who had discon¬ 
tinued the use of jiills as long as five to ten 
years prior to Ihe stiidyjthe inereaseil inci¬ 
dence of heart attack was evident. 

'I'he increase in the incidence of heart 
disease may be either due to the increas¬ 
ing tendency of thickening and narrowing 
of blood vessels or an increase in Ihe 
levels of fatty substances like cholesterol 
and I'riglycerides in the blood stream. 


which contribute to the narrowing of the 
blood vessels. 

It must be understood that no physi-, 
cian normally advises the use of pill for 
more than two years and esj>ecially not 
in women who have other risk factors. A 
similar study is being undertaken, short¬ 
ly, in the Indian selling. 

P. A. KALE 

Dr. Kale is ' Honorary Associate Professor 
of Cardiology at Seth G. S. Medical Col-. 
lege, and Honorary Associate Cardiologist 
at K. E. M. Hospital. Bombay. 


Stronger cement-concrete 

Any concrete .structure is quite strong 
in comjifession hut weak in tension. The 
use of reinforcing steel rods in concrete 
was the first step to improve Ihe concrete 
properties and today reinforced 
concrete is a common application. 

Newel and more demanding applica¬ 
tions have led to more and more attempts 
to increase concrete strength. One such 
attempt is the development of concretes 
with water-reducing admixtures, which 
give a stiongcr. more durable material. 

rile tunction of watcr is to hydrate the 
cement compounds. On an average 23 
poi cent of water by w eight of dry cement 
is required for the complete chemical 
reactions. The gel that is formed due to 
chemical reactions has a poiosity of about 
28 pei cent and the pores obviously im¬ 
bibe waici. Research work has revealed 
that about 38 j>ei cent water is required 
for the chemical leaction and tor tilling up 
ol the gel poies. If water in excess of 38 
j^er cent is used, cajiillary cavities form, 
resulting in loss of strength in the cement 
paste. But in actual preparation, more 
than 38 jier cent of water is added to over¬ 
come the slow rales of hydration and for | 
normal workability ol the concrete. 

Recent research (Nature, 289 388) 

claims success in preparing concretes 
with only 22 per cent water on cement, 
riiese concretes were exien.sivciy tested 
and gave five to seven times flexural 
strength than of conventionally mixed 
concrete. T’he observations were con¬ 
firmed by the flexural strength of con¬ 
cretes 111 which macro defects were de- 
liberatelv introduced. 

For practical purjioses a mixing equip¬ 
ment which can mix cement-concrete 
with less than 22 j’ler cent w'ater without 
the loss of other projierties needs to be 
designed. If this is achieved, new vistas 
may be opened up for the use of cement. 

A. K. CHATTERJEE 
V. C. MALSHE 
Dr. Chatterjee and Dr. Malshe are with the 
Central Research Station, of. ACC. in 
Thane. 
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bCATED in vitlagc Palia 
/Pipariu of Bankhedi Block in the 
^ eastern tip of Hoshaiigabad district 
of Madhya Pradesh, the Kishore 
Bharati (iroup has conducted a wide • 
^ variety of experiments concerned 
■ with economic growth, social organ¬ 
isation, youth involvement, and 
health and education, both formal 
, And non-formal. Although the eco¬ 
nomic development and health prog¬ 
rammes have been concentrated 
. mainly within the Bankhedi Block 
; ^nd s.urrounding villages, the educa¬ 
tional and youth involvement work 
‘ has allowed us to interact not just 
with the people ot Hoshangabad 
^ district hut tar beyond with various 
groups ol people in other parts ol 
ludhya Pradesh as well. 

The locus (d* all of these activities 




een tw 

causes of the severe poverty, ex¬ 
ploitation and disparity in our socie¬ 
ty, and to evolve ways of resolving 
these contradictions. The strategy 
has been to subject all of our experi¬ 
ences to exhaustive scientific analysis 
with the purpose of evolving general 
principles which could have wider 
social application. This exercise of 
building up theoretical understand¬ 
ing through field-level practice has 
been further enriched by relating 
whatever we have learned with what 
government agencies, other volun¬ 
tary groups, and people's movements 
have been learning in different parts 
of the country. For this enrichment, 
we must thank those hundreds of 
activists and thinkers who have more 
than willingly shared their experi- 


have made us a part of the nation¬ 
wide struggle for social justice and 
development. 

This article will also draw heavily 
upon the experiences of others, in¬ 
cluding those of government agen¬ 
cies, voluntary groups and people's 
movements. These experiences are 
used here as ca.sc studies for bringing 
out contradictions in our society and 
for evolving hypotheses for further 
experimentation. Nowhere these 
case studies are presented as person¬ 
al criticism of people who arc work¬ 
ing in these organisations. Just like 
us. all such people must he engaged 
in their own battles against injustices, 
irrationality, stagnancy and other 
mechanisms of backwardness within 
their own organisations. Through 


Between 
question and 

clarity 

Anil Sadgopal 

What is the role of science in a 
people's movement? 


The ideas expressed in this article were first 
motivated by an article, ‘A Search for the 
Meaning of Science'" by A. A. Roy (Sctl’:\ct': 
Today, October, 1979). The need for investigate 
ing the role of science in building up people's 
movements has acquired urgency in view of the 
growing interest in People's Science Movement 
euctivUies all over the country. The ideas pro- 
eenied here may help to accelerate the ongoing 
ikbate among People's Science Movement activ¬ 
ists on the content and pedagogy of their work. 

Originally, this was the theme of a lecture 
delivered in Aprii, 1980, in the ^Science and 
Society* lecture series organised hy The Asiatic 
Society of Bombay, Based on comments received, 
tt was revised to remove logu'al irrconsistencies 
and to add more field experiences to emphasise 
some basic issues. What is presented here is 
essentially the Vikrarn Sarahhai Memorial l.ec- 
Sure delivered at Sew Delhi on August 12, 1981, 
under the auspices of the Indian Council of 
Social Science Research. In response to several 
questions raised by fieid-level workers during the 
last few weeks, certain clarifying paragraphs 
have been added to the original lecture. 



in breaking the illation of these 
people and thus place their battles in 
a national perspective. 

Let me begin with a meeting to 
which I was invited last year to 
review the science and technology 
(S&T) component of education in the 
context of the Sixth Five-Year F’lan. 
The purpose of the meeting was to 
make recommendations to Ihe Plan¬ 
ning Commission to make s&l educa¬ 
tion more relevant to the socio¬ 
economic needs of Indian society, 
rhe chairman of the meeting began 
by inviting the o/eperts to make their 
recommendations. One after 
another, the experts started reeling 
off their views on various schemes 
and ideas which needed to be im¬ 
plemented. After three such stale- 


MietiftSva or u& and 

inquired whether a critique of the 
S&T component of education in pre¬ 
vious Five-Year Plans was available. 
Of course no such critique could be 
produced. We then suggc.stcd that 
the meeting should first attempt to 
find out how the previous Plans had 
failed to relate s&l education to the 
needs of society. Only then would we 
have a scientific basis for making 
fresh recommendations, we argued! 

What amazed us was the total lack 
of interest in the entire body of 
national experts who had gathered 
there to sp)end even a few minutes on 
this question. Judging the mood of 
the meeting, the chairman had to 
escape the dilemma by announcing, 
“We all know what was wrong with 
the previous Plans. We must now 
begin afresh and make new recom¬ 
mendations.’’ The meeting then went 
on merrily for the next four hours, 
each expert making fresh recommen¬ 
dations. often totally unrelated to 
what was said by others, and tqlly 
oblivious ()l the fact that what was 
being recommended by him or her 
had already been implemented m 
one form or another in the previous 
Plans. And whenever one of us tried 
to point this out, there were hurried 
attempts to hush up such uncomfort¬ 
able questions so that “we make the 
best use of the valuable time ol the 
experts’’. At the end ot the meeting, 
I wondered whether these scientists 
and educationists would ha\e picked 
up a research problem without first 
surveying the prcvituis fiteraluie. 
()b\iously not. Why was then this 
scientific practice of analysing the 
previous experience before begin¬ 
ning a new piece of research work so 
blatantly ignored at this meeting on 
StVi education? Why didn't this un¬ 
scientific approach disturb the ex¬ 
perts assembled for the very purpose 


cn improving science euucaiion: me 
story of this meeting is typical of all 
the meetings which I have had a 
chance to attend during the last 
several years—be it on adult educa¬ 
tion, or. rural development, or,, 
bonded labour, or collective manage* 
ment, or appropriate technology, or :, 
the role of voluntary agencies. In all 
these meetings, there has been a * 
commonality—a complete lack of in¬ 
terest in analysing the historical ex-' 
pcricnccs not only ol others but also 
their own. a geneial unpreparedness ' 
to learn Irom the past, and yet there 
has been an eagerness to make quickv 
recommendations unmindful of the 
fact that these so-called new ideas 
have been part ol the nation’s pro- , 
vious experience. One is struck by 
the absence of scientilic methodology 
at such high echelons of the Indian 
bureaucracy and technocracy. Hi>w' 
docs one explain this contradiction? 

Let me lake another example. In 
1%S. I attended a I'NLSt () wi>rkshop; 
ot a small group t)| molecular biolog¬ 
ists and biochemists at the All-India 
Institute ot Medical Sciences, in 








^elihi. At oat i^qu^^t a special meeting 
^as convened to discuss the implica- 
iiiions of the recc*nl developments in 
I the Meld ol genetics on the policy of 
tnahiria eradie;iti<»n being tollowed in 
India and other I'hird World coun¬ 
tries. Some ol the leading authorities 
, on malaria eradication tiom a nation¬ 
al-level agency were called to discuss 
this issue. It was a time when highly 
disturbing reports about the reap¬ 
pearance of malaria were being re¬ 
ceived. 1'he dream ot seeing an India 
free «>! malaria was alreatlv being 
I doubted. I here was sullicient scien¬ 
tific basis to lace the unpalatable fact 
^ of mosquiU)s resistant to DD l appear¬ 
ing on the seene. I he biologists 
:• referred to the genetic mechanism of 
the appearance ol drug resislancc. Il 
was explained that nuitations leading 
to drug resistance appear randomlv 
. at vciy low liec|ueiicics, maybe one 
in a million, rite drug may wipe out 
all the sensitive organisms except the 
mutant. I he nuitiinl would then re- 

r irociuce making the drug inctfeclive 
t was also e.xplamcd how the siimil 
taneous use ol iv\o or three drugs 
would lediice the probability ol the 
appearance ol diug icsistant mutant’' 
by a million times or mote. The 
practical output ol this theoretical 
understanding would be to add one 
or twt) more mscclicidcs to the DDI 
spray. 

The malaria experts were amused, 
to say the least. The seiiiotmost 
^ amongst them politely pointed out 
that their concern was wiili practical 
programmes of eradication and not 
with biological theories, w'hich. 
though founded on •'CienliMc lines, 
were ol value only within the con¬ 
fines of laboratories. He Uirther ex¬ 
plained that the National Malaria 
Eradication Progiamme had been 
sanctioned and blessed by luruls and 
. technical guidance trom the vviio. the 
DD I spray programme was running at 
full steam and no changes could be 


irmionalf^? It'is unbefic^bie^^^^^ diiict a survey 6f itfafiiitmrim 


even now DDT spray is being piously 
applied by malaria workers all over 
the countryside, when the entire 
body of scientists, not to speak of the 
public, knows that mosquitos are fast 
turning resistant. Equally unbeliev¬ 
able is the fad that respectable inter¬ 
national aid programmes continue to 
support and encourage this waste of 
the nation's resources and attrition of 
manpower. And probably even more 
disturbing is the knowledge that lead¬ 
ing technocrats and opinion-builders 
have turnecl a blind eye to this 
contradiction in the management of 
one of the most crucial health prob¬ 
lems. 

l.el us lake a third example to 
make sure that we are not talking of 
isolated instances; wc arc, in fact, 
retelling to a national pattern. The 
textbooks recommended by a leading 
national agency carry a chapter on 
population to create awareness 
among the children about this critic¬ 
al national problem. We have analy¬ 
sed the population chapters thread¬ 
bare. These chapters talk of the 
accelerating rale of population 
growth W'hich negates the fruits t)l 
increasing production and thus cre¬ 
ates poverty. The chapters argue that 
India's poverty problems could be 
resolved merely by controlling popu¬ 
lation and by increasing production. 
The thesis being presented in these 
textbooks does not explain why Indi¬ 
a's godowns are lull ol grains, while 
multitudes, who, m fact, produce the 
grain, remain undernourished and 
even die of hunger. These textbooks 
do not reler to the problem of distri¬ 
bution of resources, disparities in 
society, and the extremely low pur¬ 
chasing power ot the people living 
below the poxcrly line. A couple of 
years ago at a training course tor 4(M) 
science teachers of lioshangabad dis¬ 
trict, we asked the teachers to con- 


Hoshangabad and surrounding vtl^ 
lages. The objective was to train 
these teachers in scientific methods 
of data collection and analysis on the 
basis of a problem existing in their 
own environment. When given this 
project, the teachers laughed, for 
they had been told that Hosmngabad 
district was surplus in wheat. How 
could there be any malnutrition, and 
that loo in and around the district 
headuuarters of Hoshangabad which 
is right in the middle of a wheat¬ 
growing zone? Maybe you would find 
cases of malnutrition in some remote 
tribal villages, one of the teachers 
pointed out. However, we pursuaded 
the teachers to go ahead with the 
survey. Within hours reports started 
pouring in about children suffering 
from severe malnutrition right in the 
midst of the town. By evening, the 
teachers had data to prove that mal¬ 
nutrition was characteristic of harijan 
and tribal sections of the villages. 

Wc had then the scientific basis for 
raising the next question, “How is it 
that these children are suffering from 
malnutrition, while each village of 
the region is exporting wheat?" And 
then, suddenly, the brighter teachers 
asked, “Why is it that the textbcKiks 
leach that poverty is chiefly a result 
ot population growth negating the 
fruits ot production?" Should our 
textbooks not explain to children the 
percolation or lack of percolation of 
the benefits of increased production 
to the people living below the pover¬ 
ty line? How is it that our textbooks 
have managed to ignore this basic 
malaise ot our society, that, despite 
their abundance, the Iruils of in¬ 
creased production do not reach the 
pcH)r? Docs it not make you wonder 
that a single scientific survey enabled 
the Hoshangabad teachers to see 
through the population-production 
myth being promoted in our text- 


undertaken tin the basis of iheoretic- 
•al conccpls. -When pressed bv the 
biologists, the experts icilerated that 
even if a Icwv resistant mosquitos had 
appeared, it would not matter since 
!' tne programme was nationwide. “A 
^.few resistant mos(|uitos must not 
I cloud our view," they stressed. The 
' biologists lost the argument, but, as 
! all of you know, resistant mostjuitos 
' have won the davl Why is it that the 
5 seniormost scientists working lor 
malaria cradic;ition ignored seienlific 
arguments and biological laets? It is 
difficult to believe that they were not 
familiar with the genetic arguments 
f advanced by the biologists. Why is it. 

then, that the malaria experts, and 
I also such an august body as the wiio. 
i pressed on with DDI spray? What is 
I the fundamental reason behind this 



I 


truth i6 virell understb^ hy the vil* 
this myth has escaped the attention lage teacher was apparently beyond 
of a leading national agency given the the comprehension of the national 
task of educating India's children? experts and international aid agen- 
One more example to substantiate who arc behind this programme, 

the point which I am making. Three \ irrationality of this activity is 
years ago. I was introduced to a further emphasised by our know- 
British Council expert in the office of ledge that the audio-visual teams 
one of the heads of the departments presently engaged in piodiieing these 
of the National Council of Educa- expensive modules have neither 


tional Research and Training 
(\(I RT) The e.xpcrt explained that 
he was in India to advise the Nc LRl ' 
on audio-visual aids, especially on 
the production of slidc-cum-lape 
modules. I iiujuircd whether he was 

aware ot the conditions m Indian 
schools which lacked funds lor 
buying e\en chalk and lacit-pafii.s, or 
ot the fact that most of the schools 
were beyond the reach of electricity 
and worked in single rooms olien 
loaned to them by a local feudal 
landlord. The British expert showed 
awareness ot all this. I naturally 
wanted to knov\ the logical basis on 
which the British Council wanted to 
take up such an irrelevant activity in 
the Indian school system. The expert 
hiid no answer. \c{. during the last 


shown any interest in the past nor (he 
ability for producing simple wall 
charts for classrooms! Suppose a 
question was raised in the Lok Sabha 
regarding this national wastage ol 
energy and diversion ol valuable 
resources, how would the n( I R1 
explain the implementation ol a 
programme which ignored the socio¬ 
economic conditions of Indian 
schools? 

FTom all this, an imiMcssion might 
be emeiging that unscientific tKuli- 
tions and irrational thinking char¬ 
acterise only the highly educaleii 
elite and thus constrain only the 
national-level <igcneies I hc irration¬ 
al processes, in tact, seem to peixatie 
the rest ot the soeielv as well. len 
years ago. I attendeil an alb India 
conferenee ol SarvoJava workers at 


lliiee vears. the British C ouncil prog¬ 
ramme has grown and spread. Ilun- 
drcrls t»l science education workers 
and experts have been trained and 
have become hus\ in feverishly pro¬ 
ducing f^mev slide-eum-tape mt)dules 
..II over the countrv in leaeher- 
liaimng institutes and r>thei science 
education ceniies At a meeting ol 
leacher-educatois in Jabalpur in July 
this year, a number oi such modules 
weie exhibited with great pride, lor 
iliese rej')rcsenleil the entry of ihe 
icaeher-iraining institutes inU) an 

advanced teehm>logy tramework. 
having been given a large amount t)t 
modern equipment such as expensive 
cameras, projectors, and tape lecor- 
ilers under a toreign-aided program¬ 
me. When anyone tried to find out 
what use would he made ol these 
prize exhibits, there was always an 
uncomfortable silence. Another 
shocking effect of this kind of activity 
also emerged at the Jabalpur meel- 
mg. The language ot the module was 
so highly sanskritised that it was 
totally incomprehensible to the prim¬ 
al y school children for wlu)m the 
module was prepared. Even the 
advice on better nutrition showed no 
awareness of the conditions ot pover¬ 
ty from which these children came, 
since the module advised the children 
to cat plenty of fruits, vegetables, 
milk products and meat! When the 
attention of the experts was drawn to 
these gaps, a village teacher quipped. 
■‘Why do you worry at all? This 
material would never reach the prim¬ 
ary Hchp()l anyway." This simple 


Nasik in the august presence of 
Jayaprakash Narayan. Ihe contei- 
ence had decided lo siait cimeeii- 
trated programmes lor strengthening 
the firamdun movement. Each stale 
was asked lo select thiec disincis loi 
special effort so that the energies ot 
all the cadres could be eoneeiilrated 
to sln>w suceesslul results. Altei this 
general session each state unit mel 
separately. At the Ihtar Piadesh 
meeting, the state-level seeielaiv 
asked the workers ii> propose the 
names of three siieh districts. No one 
dared to speak. Ihe seerelarv then 
suggested that Balia dislriel should 
he the first to be seleeletl ’because 
JP was horn in this district*’, lie went 
on to propose that Agra could he the 
sccoikI disiiiet since the president ol 
the state unit hailed from there. And 
the third district should be. of C4)urse, 
one to which he belonged. It was 
amazing to see the readiness with 
which almost 300 Sarvodaya workeis 
raised their hands affirming the prop¬ 
osal. No one questionetl Ihe criteria 
of selection. An entire year's prog- 
raintne had been planned without 
anv leferenee to the socio-economic 
conditions in a particular region, or 
to Ihe availability ol manpower, or lo 
the ivUenlial response ol the people. 
Why is it that the meie bnth of 
Jayaprakash Narayan becomes a 
valid basis of selecting a district, and 
that t.his makes sense to hundreds of 
trained cadres? Poes it not shi>w' a 
critical gap in the training of these 
winkers or possibly in the entire 
tradilimt of Sarvodaya? 


Constructing theory from t 

practice 

Let us now try to understand the - 
basis ol Ihis widespread irrational t 
and unscieniilic behaviour in our 
society. It is only vvitli this under** 
standing that we can hope to build 
programme to resolve the crisis, I'J 
recall at this moment Ihe first train-.;’: 
ing eouise we organised in 1^72 'for 
40 village science teachers of 
Hoshangahad district. On the very'?| 
first day, we asked the teachers to 
measure ihe length of a table lying 
hetoie them. A meire-siiek in hand,'’|! 
each teacher weni uj') lo the (able and. -'!; 
earetullv measured its length and ’p 
recorded Ihe reading on a paper slip. ‘ 
At tile end ol Ihe e.xcrcise, the > 
readings were transferred from the * 7 ^ 
papei slips lo Ihe blackboard. Sud- 
denlv iliere was a lot ot whispering 
among Ihe teachers. Several of ! 
them stood up and protested against " 
the resulls. The readings showed • 
liemeiidous variation- -from 98 cm 
(o IDS cm. ;; 

.\ sciond aticmpl was made. This • 
lime the V anal ion was reduced. 'Lhc 
readiiiL’s now vaiied from 100 cm to - 
100 cm. On itie ihird attempt, the 
range *>1 v a rial ion was trom 101 cm to 
105 cm Hov\ever, the irufh was that . 
the vanalion lemained. It could be ; 
reduced In practice and improved „ 
skill, bill could never be eliminated 
eompletelv. I heie was a great deal of 
hue and cry among the icacherS. 
How could it happen? Science was 
concerned with eternal truth, one 
teacher philosophised “How could 
Ihe triiih be variable'^ ’ another de¬ 
manded. Obviously, neither the 
l.ihic noi Ihe melre-siick was chang¬ 
ing in length, most of the teachers 
.msislcil. Sear allei year we have 
repealed Ihis exercise with fresh 
hatdies ol teachers until it has be¬ 
come an aece|)ted feature foi about 
si.x hundred teachers engaged in sci¬ 
ence ediiealion in the distiiefs more 
than two hundred middle schools, 
d hal vaiiation was inirlnsic to all 
seieniilK\ observation is a concept 
which has been eultuially and philo- 
sophieallv one ot the most unpalat¬ 
able for out science teachers. 

Ihe question is. therelore, 
vvhelher such variation in observa¬ 
tion is a phenomenon confined to 
natuial seienees aloiir*. or whether 
Mich variations eharacierise social 
sciences as well. We now have evi¬ 
dence ol two kinds of variations in 
observation in social sciences. ’I'he 
first one eonccins sampling errors. 
As an example, an inleresling story 
needs to be told Two years ago, we 
organised a youth camp to study the 
impact of severe thought affecting 
Madhya Prailesh. Some of the y<Hith 




surveyed the effect ot urought on 
|.^mplc>ymeni conditions. The data 
J collected by them were being ex- 
‘ amined. One of them from the vil¬ 
lage Kamti remarked that there was 
hardly any uncrnplovment problem 
in his village, for his data showed that 
labour was not available for digging 
. wells. He gave precise figures of the 
wells awaiting completion. Immedi¬ 
ately, another young fellow from the 
same village disagreed. He al.so pro¬ 
duced data on the largcscalc migra¬ 
tion of the landless and marginal 
farmers from the same village to find 
employment on railway lines and on 
l*Wl> roads. A detailed analysis fol¬ 
lowed. ll was revealed that both the 
young men had presented correct 
data. 

What was the truth about unem- 
. ployment? Hie diftcrence in the two 
' positions turned out to be the result 
of the different socio-economic back- 
round of the two persons—one 
ailed from a rich farmer back¬ 
ground, while the other was a small 
mrmer, living in the poorer part ot 
the village. Ihc first one found it 
difficult to get labour because his 
people either underpaid or did not 
pay at all, and also because they 
could not ensure long-term employ¬ 
ment. I'he second one, being closer 
to the reality <if poverty, had first¬ 
hand experience of a different kind. 
The pariiculai social backgrtiund of 
the first observer constrained his 
view, since it emerged from observa¬ 
tions ot partial reality ot the richer 
few. Thus in social sciences, observa¬ 
tional differences are often a result of 
the way samples are collected which 
in turn is a consequence of the 
socio-economic differences in the 
backgrounds of the observers, ll is 
our contention that such errors can 
be ciu rected by scientiiic training as 
we were able to do during the youth 
camp two years ago. 

There is a second source of obser¬ 
vational differ dices, however, which 
seems to be beyond the realm of 
scientific training. Let us consider an 
example ot this. I was a member of a 
small team sent by the Department 
of Science and I’echnology of the 
Ciovcrnment ot India in 1978 to 
Orissa to do developmental planning 
for a cluster of five villages in Puri 
district. During our stopover in Bhu¬ 
baneshwar, the government experts 
briefed us on the results of their 
survey of the same cluster of villages. 
We were told that the primary need 
of the area was lor developmental 
programmes, cspectally a largcscalc 
cattle development effort involving 
artificial insemination centres, fod¬ 
der cultivation, veterinary services 
and cattle feed supply networks. 
However^ during our own survey, we 


were struck by the drought condi¬ 
tions and the extreme poverty of the 
region. How such a drought-stricken 
area could support a cuttle develop¬ 
ment programme, wc failed to under¬ 
stand. We asked a number of land¬ 
less pca.sants working on the fields of 
others, “Suppose the Government is 
willing to undertake programmes 
according to your needs, what would 
you like the Government to do for 
you?" One of them pointed to the 
barren hillock nearby and suggested 
that the hillock be afforested. 
Another suggested that the contract 
of the local minor forest produce, 
such as mahua, should be subdivided 
into small contracts and be given to 
the poor people on bank loans, so 
that the rich contractors from the 
north did not take away their wealth. 
The third pointed out that the large 
tracts of the unused government 
land, as well as the land belonging to 
the rich people, be redistributed 
amongst the landless. Not one of 
them even mentioned a cattle de¬ 
velopment programme. What then 
was the basis of the briefing given to 
us at Bhubaneshwar? When pressed 
with our questions, the government 
experts told us flatly that we had 
been talking to the wrong people, 
riicy look us to the homes of a 
couple of rich farmers who gave us 
good relreshmcnt and of course 
asked us to rccommmend cattle dc- 
vekipmcnl programmes to the gov¬ 
ernment in New Delhi. Here was an 
example ot observational differences 
in social sciences w'hosc basis must be 
understood. When viewed from the 
perspective of rich farmers and the 
vested interests of government ex¬ 
perts. largcscalc and w'cll-funded de¬ 
velopment programmes appear to be 
the need ot a region. However, when 
viewed from the perspective of mas¬ 
sive poverty, redistribution of re¬ 
sources and changes in management 
practices of the existing resources 
appeared to be the need. There is a 
wealth ot evidence to show that such 
diflercnees are related to the vested 
interests dominating the social struc¬ 
ture. Scientific training can be of 
little help in such cases. 

It is our experience that whenever 
confronted with economic interests 
and questions of socio-political pow¬ 
er. scientific processes often reach 
their limits. We have gone deep into 
this sLibiecl, and have been ama/ed 
by the widespread influence of this 
type of observational differences on 
the very directions and priorities of 
rural development. Wc first became 
aware of this malaise of development 
programmes through one of our own 
experiences. We had organised a 
small cattle development program¬ 
me. including a cross-breeding ser 


vice, in Bankhedi in 1972. We had 
been advised by some of the leading 
authorities concerned with milk co¬ 
operatives and cattle-breeding that 
milch cattle was the most suitable 
cottage industry for generating mas¬ 
sive rural employment. Successful 
examples of Amul in Kheda district 
of Ciujarat and of Bharatiya Acro- 
Industrics Foundation at IJruli Kan- 
chan in Pune district of Maharashtra 
had often been quoted to us. After 
three years of this work, we looked at 
our data to see who were the people 
who had benefited from the cross¬ 
breeding service. We found that most 
of the beneficiaries were well-to-do 
farmers and successful lawyers or 
hanias from a nearby town. A small 
number belonged to the middle far¬ 
mer class. No one had come forward 
for cross-bred cattle from the margin¬ 
al farmer and landless classes. 

How would such a programme 
help the rural poor, we wondered. 
We were upset by these data and 
decided to cheek with another local 
voluntary agency also involved in 
cattle-breeding. Their experiences 
matched with ours, although this 
agency worked in an irrigated region 
and had easy access to the markers of 
the towns. However, wc were con¬ 
tinuously reading newspaper reports 
and hearing seminars in which a 
reputed voluntary oiganisation was 
claiming that the benefits of cattle- 
breeding arc distrihuled among all 
classes of the rural population. Wc 
then decided to look at the registers 
kept at the insemination centres ol 
this volunlaiv agency. There was a 
big gap between the public claim b\ 
this agency and the data in its regis¬ 
ters. Here, loo, the poor seclions ot 
population were again excluded from 
the eallle-hieeding benelils. Win. 
then, did this voluntary oiganisation 
as well as several important govern¬ 
ment agencies continue to present 
cattle development programmes as a 
means of solving rural poverty? No¬ 
where do we read analyses showing 
the difterential impact of cattle de¬ 
velopment on rural people. Why is it 
that our observations do not match 
with the observations oi several lead¬ 
ing agencies of the nation while the 
reality in all such experiences is the 
same? It appears as if there is a 
conscious effort to suppress and 
miililaie certain kinds of observa¬ 
tions in social sciences. 

1 here is growing evidence to this 
effect. Last year, AH India Radio, 
Bhopal, interviewed us. During the 
interview we narrated our experience 
of cattle development. The first part 
of the statchient referred to the 
number of beneficiaries, to our 
attempts to popularise fodder and to 
spread knowledge of animal husban- 



dirjr: in the second part of oiir state¬ 
ment, we pointed out how the prog¬ 
ramme had failed to make any im¬ 
pact on rural poverty. The taped 
interview was taken away by AIR and 
we were dumbfounded when it was 
broadcast a week later. The first part 
of our statement presenting a gla¬ 
morous view of our work was broad¬ 
cast, but the second half was metho¬ 
dically excluded. This experience 
should help in understanding the 
experience 1 have narrated from 
Orissa. It is not a question of a lack 
of scientific method in our thinking, 
ft is clearly a question of confronta¬ 
tion with vested interests which pre¬ 
vents .scientific processes. 

Besides the matter of scientific 
observation, the second dimen.sion of 
the method of science is concerrted 
with analytical thinking, or the logic¬ 
al process. Let us examine its role in 


social sciences. Once again I would 
narrate one of our experiences. 
Along with our cattle development 
programme in 1972, we introduced a 
new technology of digging irrigation 
wells in our area. These wells, called 
ring wells, are made up of prefabri¬ 
cated concrete rings which arc sunk 
in the ground and are able to tap the 
aquafer in the same way as lube- 
wells. Inexpensive, technologically 
within the means of a rural commun¬ 
ity and constructed in two weeks' 
lime, ring wells arc a textbook ex¬ 
ample of appropriate technology. 
(The ring well technology was 
evolved more than 20 years ago at 
the Friends Rural Centre, Rasulia, 
Hoshangabad, and spread rapidly in 


the surrounding region. However, 
for various reasons, the technology 
of ring wells did not reach the eastern 
region of Hoshangabad district until 
1972.) As a result of our work, ring 
wells have spread in more than 1(N) 
villages in and around the Bankhcdi 
block and about 450 such wells arc 
already irrigating approximately 
5,0(K) acres of land, thus generating 
new employment and changing one- 
crop zones to tw'o- or threc-crop 
zones. Despite these optimistic 
observations, our group subjected 
the data to further analysis. This 
revealed in 1977 that the wells had 
then increased the annual agricultu¬ 
ral production of the area by Rs. 12.5 
lakhs. Out of this additional annual 
income, Rs. 9.5 lakhs had gone to the 
300 farmers who then owned the ring 
wells. The remaining Rs. 3 lakhs 
were distributed amongst a couple of 


thousands of farm labourers. Ob¬ 
viously much more had gone to the 
landed tew and much less to the large 
number of landless in the area. We 
concluded thereby that the produc¬ 
tion of ring wells, though bcneliiing 
the region in an absolute sense, was 
at the same time increasing the gap 
between the rich and the poor. 

Lhc realisation of this limitation ot 
agricultural development as a means 
of solving rural poverty forced us to 
explore alternatives. We e.xamincd 
the case of cottage industries as an 
instrument for generating rural em¬ 
ployment. A number of exploratory 
projects such as carpentry and manu¬ 
facture of electric chokes were 
undertaken. In addition, markets 


were surveyed to assess the potential.; 
of selling a variety of cottage ' 
industry products ranging from soaps ^ 
to agar-hanis. The size of local mar^ 
kets for indigenous shoes and ready¬ 
made clothes was also assessed. TheiS 
results of this entire exercise werC;{ 
compiled and analysed. We disco* 
vered that a total of about 2(1 cottage;; 
industries could generate jobs fotfj 
only about 1(K) poor families in thes^ 
Bankhcdi block consisting of 125-5 
villages and more than one lakb;^ 
people. Obviously a drop in the^\ 
ocean. Wc also found out that mos%> 
ot the transactions in the villagc^l 
markets involved the well-to-do and 
the middle classes. I he poor, despite ) 
their vast inajoritv, had only a .smatt;| 
share hxpericnce and analysis also , 
revealed that the limited potential of 
cottage industries in rural areas had ^ 
little to tio with the lack of know- ; 
ledge of modern technology, or with ' 
low iiaiiiabiliiv. oi with meagre man-/! 
agenal skills, but it had more to do , 
with the limited capabilities of mar- ;! 
kets I he low purchasing power of 
the vast ma|oiity of the people living 
below the poverty line and the domi¬ 
nation (»f village markets by competi¬ 
tive goods from urban middle-size 
and moimpolist industries defined , 
the boinularv coiuliiioiis of the rural 
marketing s\stem. Despite this glar¬ 
ing reality, the (iovernment agencies 
and several voluntary groups con¬ 
tinue to glamorise the role ot cottage 
industries in luial development. Why 
has this lealitN been so systematically 
ignoied b\ so many groups and agen¬ 
cies o\ei the last scveial decades? 
Why IS It that this simple analysis of 
the limitation of cottage industries 
has not been presented from public 
platlorms In the government depart¬ 
ments of industries and a large num¬ 
ber ol voluntary groups? What could 
he the possible reason lor the silence 
ol the Planning C ommission on this 
ciLicial (jiicstion * Is it that the edu¬ 
cated elite and the national leaders 
are incapable of the needed logical 
exercise or is it that the socio¬ 
economic crisis and the insoluble 
problems ol rural povcity make it too 
dangerous to scienlifically accept this 
reality? 

What concerns us is not the limita¬ 
tions of cattle development, or of 
irrigation programmes, or of cottage 
industries as instruments for solving 
India's poverty, but the fact that an 
analytical view' of rural development 
problems is not being shared with the 
people of this country. Our brief 
experience has revealed to us that the 
rural society is critically divided into 
two sections • ■ a small minority of 
the rich and middle-level farmers 
which siphons olf the benefits of 
development programmes and has 
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j/'vested interest in their continuity, 
"^nd a vast majority of the landless, 
marginal farmers, and artisans which 
As excluded from this process and is 
generally not influenced by what 
goes on in the Planning Commission 
.and the agencies or departments con¬ 
cerned with industry, development, 
and science and technology. 
Whenever somebody preaches rural 
development, we always want to 
understand whose development is 
being talked about. Is one referring 
to development of the moneylender 
or of the rich farmers or of the 
marginal peasants or of the landless 
labour? When such analysis is 
negated, it leads to the typical confu¬ 
sion which is reflected in such ques¬ 
tionable phrases as the rural-urban 
gup, or planning from below, or 
community development, or the pan- 
ckayati raj, or people's participation. 
Such phrases presume the existence 
of a homogeneous community or 
imply that the poor do not exist in 
cities and the rich do not live in 
villages. It is our contention that as 
long as a scientific analysis of India's 
development experience is avoided 
or suppressed, tne basic premise of 
the entire planning process shall re¬ 
main untenable. 

Regarding scientific analysis, there 
is often loose talk about this process 
being the exclusive preserve of the 
educated elite. Our experience of 
non-formal education has given us 
sufficient evidence to challenge this 
grave misunderstanding. 1 am re¬ 
minded of a brief interaction with a 
representative of the Khadi Cira- 
modyog C.'ommission who once met 
me accidentally in a bank office. He 
was looking extremely unhappy. On 
enquiries he revealed that his main 
job was to popularise the electrically 
operated potter's wheel, nicknamed 
power cnak. He was disturbed 
because, despite his hard work, no 
potter was willing to accept a power 
chak, although he was offering sub¬ 
sidies, low interest credits and all 
Other necessary support. I asked him 
if he could explain his failure to 
popularise what he called appropri¬ 
ate technology. He said that the 
people of this district were unedu¬ 
cated and did not understand modern 
technology and, therefore, rejected 
the power chak. He had reached a 
conclusion which was typical of what 
is widely accepted by the educated 
elite. I decided to help him to unravel 
the situation. On being questioned, 
he readily accepted that the potters 
he had met in villages had difficulty 
in^ selling what they produced on 
their chak, and therefore were often 
without business. I asked him to 
explain how the power chak, meant 
for increased production, would help 


a potter who was already unable to 
sell his products. What was the pot¬ 
ter's pro ,iem — the market or his 
ability to produce? The khadi com¬ 
mission's representative gradually 
began to see the logic and accepted 
that the Commission's example of 
appropriate technology was, after all, 
not so appropriate. The uneducated 
potters on their own had conducted a 
logical analysis of the conditions 
which constrained them from earning 
more, and, therefore, had a scientific 
basis for correctly assessing the role 
of power chak in their lives, some¬ 
thing which the experts in the khadi 
commission had failed to do. 

Let us consider a recent experi¬ 
ence. A group of about one hundred 
landless and marginal farmers from 
an adjacent village approached us 
last month to explore a new path for 
solving their problems of poverty— 
they needed land, rights to certain 
minor forest produce and demanded 
a fair share in the distribution of 
government-controlled sugar. I’hey 
had decided to organise themselves 
and challenge the control of the 
feudal forces on their lives. We 
pointed out to them the risks in¬ 
volved in this path and drew their 
attention to how their attempts to 
improve their conditions could be 
quashed by the joint action of the 
local landlords, the revenue author¬ 
ities and the police. This was of 
course already well-known to them. 
We demanded to know from them 
what they felt was their bargaining 
point. One of their leaders, who 
could not even sign his name, gently 
pointed out, 'it is we who produce 
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goods and they consume only what 
we produce for them. If we stop 
working, they shall starve. This is our 
bargaining point." We have accumu¬ 
lated a series of such experiences 
which show that the poor people who 
suffer oppression and exploitation 
have remarkable abilities tor partici¬ 
pating in a growing analytical process 
and have often amazingly correct 
analysis of the obstacles in the path 
of their own development. 

Framing hypotheses for 
further testing 

From all this, we would like to 
postulate five significant hypotheses. 
These arc being postulated in the 
hope that the.se will accelerate ex¬ 
perimentation and further testing to 
evaluate their validity or the lack of 
it. At this stage, these may be re¬ 
garded, at best, as tentative and 
partial. 

i) Correct observation and scientific 
analysis are essential tools for com¬ 
prehending the socio-political reality 
around us. 

ii) There are more ways than one 
of observing the reality in social 
sciences. What aspect of the reality 
one perceives is critically related to 
one's cultural and economic back¬ 
ground. In contrast, the process of 
observing and analysing reality in the 
natural sciences is dependent only on 
the scientific skills of the worker, and 
not on his or her class background. 
Here one is referring to the areas of 
research emerging from the needs of 
the internal structure of the various 
disciplines of natural sciences, and 
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/tor to areas of mearch con¬ 
cerned with the application of science 
to the needs of society. The moment 
one begins to relate science to the 
problems of society (for example, in 
the case of technology), the class 
affiliations and the vested interests of 
the worker begin to influence his or 
her objectivity in a manner similar to 
what we have discussed in the matter 
of social sciences. 

iii) The ability to make correct obser¬ 
vation and to conduct analysis in the 
natural sciences can he developed 
through training. However, in the 
field of social sciences, the attempts 
to improve observational skills and 
analytical abilities often do not suc¬ 
ceed when there is a clash of vested 
interests. Thus there are inherent 
factors in the social sciences which 
limit the application of the scientific 
method. 

IV) The potential for scientific pro¬ 
cesses is not confined to the elite 
and the educated sections of our 
society. Such potential exists 
amongst the oppressed and the un¬ 
educated people and can be further 
enriched through training and 
experience. 

v) rhe process of socially relevant 
planning is one in which the planners 
work with the oppressed people to 
develop a scientific basis for observa¬ 
tion an(J analysis. Without estab¬ 
lishing such a process, the dichotomy 
between today's development and 
social change programmes, on the 
one hand, and the lives of the oppres¬ 
sed people, on the other hand, will 
never be bridged. 

These hypotheses help us to define 
the role of science in building a 
people's movement. As we under¬ 
stand it today, the primary role of 
science is in enabling the people to 
comprehend the socio-political real¬ 
ity of their environment through the 
scientific method so that their strug¬ 
gles for justice and development can 
he planned on the basis of reliable 
data and logical thinking. The pro¬ 
cess of education is thus defined as 
the process of spieading the method 
science among people to enable 
them to understand the obstacles 
which prevent their development and 
successfully plan their struggles for 
justice. 

If the role of science in people's 
movement and the educational pro¬ 
cess as understood by us today is 
acceptable, wc may then contend 
that it would be essential to spread 
the scientific method for the purpose 
of training cadres and creating peo¬ 
ple’s organisations. How is this 
theoretical understanding of the role 
^^f science and of the educational 
process to be implemented in field 
5*itnations? What have been the ex¬ 


periences in doing such work? What 
are the obstacles in developing this 
educational process with peop^? In 
order to explore answers to these 
questions we must first break down 
the scientific method into its essential 
elements. Desire to know or inquisi¬ 
tiveness, observation, data collec¬ 
tion, analysis and inference arc some 
of the elements on the basis of which 
an educational programme may be 
conceived. 

Let us take a concrete example. 
Early this year we organised a youth 
camp around the problem of tubercu¬ 
losis in villages. The young partici¬ 
pants were asked to survey the inci¬ 
dence of tuberculosis, its relationship 
with the working and living condi¬ 
tions of the people, the role of the 
National I B Control Programme and 
limitations imposed by social struc¬ 
tures on the treatment of the disease. 
For several days, the participants 
toured villages in teams, collected 
data, listened to agonising stories of 
whole families being wiped out by 
the disease and of the role being 
played by government doctors, pri¬ 
vate practitioners and feudal forces. 
The entire data was compiled team¬ 
wise and then the teams were asked 
to make a list of all the problems 
which they had perceived during the 
survey. From these teamwise lists a 
common list was then prepared on 
the basis of which a detailed discus¬ 
sion followed on the causes of IB. of 
its high incidence amongst the poor 
people and of the inability of the 
Primary Health Centres to play an 
effective role in the treatment. The 
discussion focussed on the reasons 
behind the non-percolation of the 
benefits of the National TB Control 
Programme and what it reveals about 
the structure of village society. On 
the basis of this analytical under¬ 
standing, the youth camp concluded 
that there was no use in starting a 
parallel medical service while a full- 
fledged national programme existed. 
It was much more important to make 
the people aware of the facilities 
available under the national prog¬ 
ramme and to enable them to de¬ 
mand their share in this. This exam- 
le of educational process shows us 
ow a group of young people plan¬ 
ned the next phase of their activity by 
applying the scientific method to 
their experiences. 

Obstacles in the educational process 

In the process of spreading the 
scientific method among the oppres¬ 
sed people, we have identified five 
major obstacles: information gap, 
the tendency to follow traditions, 
fatalism, fear of reprisals by the 
vested interests, ana inability for 
abstraction. 


It is a general experience that tack 
of information among the oppressed 

a le is often a great limitation in 
rstanding their own reality. 
When this gap is filled, ability to 
comprehend reality builds up Quick¬ 
ly. This is exemplified beautifully by 
the work of the Kerala Shastra 
Sahitya Parishad (KSSP). The KSSP 
took up the problem of pollution 
caused by a well-known rayon fac¬ 
tory in Walcad village near Calicut. 
This factory, located on the banks of 
the river Chaliar, has totally polluted 
the river as well as the air. The 
people of Walcad village have suf¬ 
fered heavily in their health, in their 
farming and in many other ways. Yet 
for years they accepted their state of 
affairs with only grumbling and not 
much more. 7'hc Kssp encouraged 
students of Calicut Medical College 
to organise a health survey. The 
survey revealed a high incidence of a 
particular lung disease caused by the 
presence of sulphur dioxide and 
carbon monoxide. The KSSP then 
sent a team of biologists, chemists, 
geologists and engineers. I'hc team 
prepared a massive report and took 
coloiit slides of the polluted river and 
finally prepared a technical plan for 
controlling pollution. On the basis of 
all this, the KSSP conducted intensive 
evening classes for several weeks to 
share this rich information with the 
poor people of Walcad village. When 
we visited this village last year, we 
were amazed to sec how technical 
terms such as sulphur dioxide, car¬ 
bon monoxide, percentages and solu¬ 
bility had become part of the com¬ 
mon idiom. ‘I'hc evening classes soon 
led t() the demand by organised 
villagers that the factory implement 
KSSP s technical plan for controlling 
pollution. The long-drawn struggle 
eventually cornered the powerful in¬ 
dustrial group which had no logical 
way of escaping from this demand 
without losing its credibility in Kera¬ 
la. The technical plan is now being 
implemented and the people of Wal¬ 
cad have at least won their first 
battle. 

The second obstacle of the educa¬ 
tional process is the decp-.sealed 
tendency to follow tradition. 1 am 
reminded of a play prepared by two 
young villagers of Rohna village near 
Hoshangabad. Fhese boys belonged 
to an area which has been affected in 
a major way by the famous 7awa 
irrigation dam. The Tawa program¬ 
me has led to many unanticipated 
problems, such as creation of water¬ 
logged areas, loss of fertile soil and 
lack of drainage. In addition, the 
Government passed an Act which 
has been used to pressurise and 
compel farmers in the Tawa com¬ 
mand area to accept land-levelling 



^^jbperations conducted by gbverniileni 
fi agencies. The expense of this opera- 
tion is charged to the farmer. Of 
; course, bank credit is extended to 
cover the charges, normally ranging 
from Rs. I .IKHJ to Rs. 2,()(K) per acre. 
The farmers feel tremendous hard¬ 
ship because of being forced to 
accept this indebtedness. The play 
referred to this problem. In the first 
, few acts, the bt)ys presented the 
collusion of the revenue officials with 
the local landlord in persuading the 
, villagers to accept a plan of reconsoli- 
(falion of land holdings before under¬ 
taking levelling operations. In the 
process, the landlord corners most of 
the fertile land which earlier be¬ 
longed to the poor larmers and the 
revenue official takes his bribe. Later 
on. the play focusses on the inde¬ 
btedness caused by the land-levelling 
operations and has a scene in which 
the lehsildar is helped by the police 
to force the villagers to pay their first 
instalment when their crops had 
failed because the fertile soil had 
been disturbed by land-levelling. So 
far the act shows a close relationship 
with the reality which exists in the 
villages of this region. In the last act, 
the play shows the villagers pleading 
with the district collector for relief. 
The collector is extremely helpful, is 
disturbed by the inhuman acts of his 
lehsildar and of the corrupt revenue 
officiafs. He promises immediate re¬ 
lief and orders suspension of the 
erring officials. 

We asked the boys whether the 
las^ act matches with their real 
experience. After hesitating, they 
accepted the fact that the collector 
rarely acts the way he is shown in 
their play. “Why then did you show 
this untrue picture of the collector?", 
we inquired. One of them explained 
that all stories and films end well and 
therefore they must end their play 
also on a happy note. The second 
lied out that it would look very 
if the seniormost official of the 
district is not shown favourably. 
They had been taught to show re¬ 
spect towards authorities. Having 
shown some challenge towards the 
lower officials, they eventually de¬ 
cided to fall in line when the collec¬ 
tor’s turn came, lest their elders 
should reject the play. 

The third obstacle is the deep- 
rooted fatalism in our society which 
often restricts the growth of the 
scientific process. I am reminded of a 
hasod (a Harijan bamboo worker) 
who earns his livelihood by making 
bamboo products. I once saw him 
without work at a time when he 
should have had a bis supply of 
bamboo from the local forest depot. 
When quizzed, he explained that all 
the bamboo had been sent to the 


distaht pajiiier milb at Nag^r. 
This uneducated bosod obviously was 
well-informed. I prodded him, “How 
come one paper mill takes all the 
bamboo awa}(, while thousands of 
poor hasods like you arc deprived?" 
He was emphatic, “Nepa mills are 
more powerful than all the hasods 
put together." I asked him if there 
was any way in which the hasods 
could balance the power of the Nepa 
mills and demand their share of 
bamboo. He said it would be possible 
only if they got organised and 
approached the forest depot collec¬ 
tively. 1 asked him, “Why don’t you 
do this?" He .said, “No, it is not 
possible. We will never get together. 
It will take no less than God to bring 
us together on a common platform. 
Therefore, this year bamboo is not in 
our fate." Having given a scries of 
logical and well-informed state¬ 
ments, the hasod finally reached the 
end of his scientific process. The limit 
was clearly defined by God and fate 
together. 

The fourth obstacle is the fear of 
reprisals by the vested interests. The 
impact of (his fear cannot be fully 
appreciated unless one is involved in 
the daily lives of the oppressed peo¬ 
ple. Two years ago, we proposed a 
programme to a group of Rajhar 
adivasis of a nearby village through 
which they would be able to gain 
rights to grow lac on kausam trees 
which happens to be their particular 
profession followed through genera¬ 
tions. So far they had acted as daily 
wage labourers and grew lac on 
behalf of big landlords or contrac¬ 
tors. Their long-cherishcd goal was 
to gain rights to grow lac on their 
own. Yet when confronted with an 
opportuniiy to gain these rights, no 
one came forward. Wc learned later 
that our evening meeting with the 
Rajliars was followed by severe 
threats of being beaten up or lynched 
by the local landlord, who also hap¬ 
pened to be the sarpanch, in case 
they insisted on going ahead with the 
programme of growing lac. Most of 
these Rajhars are either indebted to 
one of the feudal families in the 
village or work on their farms as 
labourers. I'hc feudal families were 
concerned that their economic and 
political control would be weakened 
if the Rajhars gained economic inde¬ 
pendence. For two years, we waited 
for the Rajhars to respond. No 
amount of scientific analysis of the 
causes of their poverty and of the 
manner in which owning the lac 
business would alleviate it would 
help bring out a response. 

Then, suddenly, an unplanned and 
a totally unrelated incident changed 
the entire picture. In May this year, 
government controlled sugar was dis- 


fairly, the poor people bdiu dep¬ 
rived of their fair share by the sar- 
panch or the landlord. For the first 
time, in local history, a group of 
villagers gathered courage and 
approached the landlord to seek jus¬ 
tice. Incensed by the collective cour¬ 
age shown by the villagers, the land¬ 
lord jot a couple of adivasis beaten 
up. There is nothing unusual about 
such incidents which have been tradi¬ 
tionally accepted passively. This 
time, however, we intervened. The 
sarpanch was forced to call a public 
meeting at which he tendered uncon¬ 
ditional apologies. Those of you who 
have personally experienced feudal 
India would probably appreciate the 
impact which this meeting must have 
made on the minds o? the poor 
people. What two years of a>n- 
tinuous discussion with Rajhars and 
all the application of analytical think¬ 
ing could not bring about was 
achieved suddenly by the emotional 
impact of the sugar incident. For 
once there was a real experience to 
show the people that feudal power 
was after all not invincible. The limits 
of scientific method were thus 
broken. The Rajhars came forward 
last month to join hands with other 
oppressed people of the village to 
become organised, to break out of a 
century-old feudal framework, and to 
gain their rights to grow lac on the 
kausam trees. The scientific 
procesiics can once again be initiated 
and taken to new heights. 

It is our common experience that 
the obstacles posed by the factors of 
tradition and i^atalism, discussed ear¬ 
lier, are overcome by similar proces¬ 
ses. I he field experience reveals that 
these obstacles of tradition and fatal¬ 
ism arc also normally overcome 
either by the emotional impact of 
certain events or by the liberating 
effect of certain changes in the socio¬ 
economic conditions as a result ol 
historical developments, rather than 
through strictly a logical and predict¬ 
able process. The educational work 
of spreading the scientific method 
does not progress as long as such 
barriers continue to exist, but can be 
started all over again once these 
barriers have been broken by 
mechanisms which are beyond the 
realm of science. 

The fifth and the last obstacle is 
the problem of abstract thinking. Let 
me again refer to KSSP's work in 
Walcad village. Towards the end of 
our visit, we informed the Walcad 
people that there was an identical 
problem of river pollution in Shahdol 
district of Madhya Pradesh where a 
paper mill owned by the same indust¬ 
rial group had polluted Sone river 
downstream. This problem has been 




inviratigc^ted and r^Hetf in by 
Viduskak Karkhana, a group of 
engineer-activists working in Anup- 
pur Block of Shahdol district. The 
W^cad people showed no interest. 
Shahdol ana Sone river were too far 
away, too remote to have any mean¬ 
ing for them. We then asked them if 
they perceived any relationship be¬ 
tween the local rayon factory and the 
government in Trivandrum. Again 
there was a disturbing silence, m- 
vandrum did not have much meaning 
in their local struggle for justice nor 
could they sec any possible relation¬ 
ship between the factory and the 
government far away. Here is a 
problem of inability for abstract 
thinking which is going to constrain 
the building of a people's movement 
more severely than has been prob¬ 
ably anticipated or consciously 


namely, small faritiers, middle TcnMids a ptopla't movement 


peasants, landless labourers, and so 
on? Each representative gave his 
perception of who is a friend of the 
movement and who is not. Stories 
were narrated of incidents bringing 
out the character of various groups. 
All of these statements were analysed 
and an amazing inference was drawn. 
The conference concluded that the 
middle level farmer is not a friend of 
the movement, since he employs 
others to do farming just as the rich 
farmers do. However, the small and 
the marginal farmers who work on 
their own farms as well as seek 
employment along with the landless 
in the lean season must be considered 
friends, since they are also exploited 
just as the landless arc. Some one 
pointed out that the poor farmer is in 
fact exploited twice—once when he 



If we can learn how to over^me 
the five obstacles to the educational 
process, we can see a powerful and 
growing process of education emerg¬ 
ing. If the methods of science can 
thus be made part of people’s think¬ 
ing, there is hope that the domination 
of the educated elite and of the 
vested interests in the field of plan- 

3 and development can then be 
enged by the common people. If 
the oppressed people begin to sub¬ 
ject the policies of the nation to 
scientific analysis, there is hope that 
a constraint can be placed on the ^ 
irrationality revealed in the S & T 
education meeting held under the 
auspices of the Planning Commis¬ 
sion, on the unscientific planning of 
critical health programmes such as 
malaria eradication, on the myth 
being promoted in our school text¬ 
books about population growth 
being the prime cause of India’s 
poverty, the introduction of irrele¬ 
vant activities, such as the slide-cum- 
tape modules in our school system 
and so on. 'I'hcre would be then hope 
that the personality cult and 
sycophancy reflected in the Sarvo- 
daya conference and similar feudal 
tendencies prevalent in national life 
would no longer be quietly accepted. 
Scientific criteria would necessarily 
be demanded from the leadership for 
its siiitements. acts and decisions. If 
the critical dimension of abstraction 
could be added to the analytical pro¬ 
cesses of the people, the people of 
Walcad village would be able to 
relate their oppression with the 
oppression of the people of Shahdol, 
and the linkages between the indust¬ 
rial group owning the rayon factory 
in Walcad. on the one hand, and the 
governments in Trivandrum and New 
Delhi, on the other hand, would 
become clear to the people of the 
country. People's organisations built 
up through scientific processes, 
hopefully, will not limit their strug¬ 
gles to demands for merely better 
wages or land, but would instead 


understood so far. Yet there is evi¬ 
dence that the potential for abstract 
thinking does exist among the 
oppressed people. An example needs 
to be cited. 

In Thane district of Maharashtra, 
an adivasi movement called Bhoomi 
Sena has taken lead in seeking 
justice for the oppressed people. 
Representatives of anout l(K) village- 
level Tarun Mandals once gathered 
to plan for their next strike, against 
the rich farmers, for better wages. 
An interesting question was raised. 
How do the Tarun Mandals look 
upon other sections of society. 


seeks khaoti (a form of loan) in the 
lean season from the moneylender 
along with the landless, and the 
second time when he seeks loan in 
the form of seeds. The conference 
therefore reached a new understand¬ 
ing: in the next strike, small farmers 
would be persuaded to join hands. 
Here is an example of the possibility 
of abstraction from simple experi¬ 
ences, of building up general princi¬ 
ples from daily lives. This process of 
generalisation and creating principles 
From practice would be a critical 
dimension of spreading the scientific 
method. 


struggle for ways of creating and 
sustaining a society relatively free of 
disparities, exploitation, stagnating 
heirarchies, and other mechanisms of 
socio-political backwardness. This 
would then mark the creation of a 
people's 111 o V e ni c n t with a 
difference. 

Dr. Sadgopal was with the Molecular Biolo¬ 
gy Group of the Tata Institute of Fun¬ 
damental Research, Bombay. He left to 
organise Kishore Bharati, a voluntary 
organisation, which started functioning in 
1972. He has a Ph D in biochemistry from 
the California Institute of Technology, USA. 
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Rollers ease bullock pain 


Ninety per cent of the draught animats 
being taken to veterinary hospitals today 
Buffer from neck diseases. The reason is 
that the animal-drawn vehicles in use put 
much more load than necessary on the 
animafs neck. A simple device that takes 
care of this problem with the help of 
rollers to balance the load is proposed 
below. 

Bullock carts are the most predomi¬ 
nant among the 13 million animal-drawn 
vehicles in India. Animal-drawn trans¬ 
portation absorbs an estimated invest¬ 
ment of the order of Rs. 3(),(XX) crores 
and employs about 20 million people 
directly or indirectly. Bullock carts carry 
roughly 10,000 million tonnes, the bulk of 
the rural produce, to me mandis each 
year. Capital investment on a bullock cart 
18 very low and for country roads and 
short distances, the bullock cart is still 
preferred. 

A bullock cart, simple though it may 
look, poses a host of problems in the 
process of being modernised. Some head¬ 
way has been made in redesigning the 
cart but the changes, especially the use of 
pneumatic types, have brought additional 
problems, for example, the traditional 
wheels with their large diameter could 
ikip over pot holes, but smaller ones get 
bogged down. Considering the unsuita¬ 
bility of the pneumatic tyres for country 


roads, the traditional cart with its two big 
wheels will be the only type that would 
continue to ply on country roads. 

The part of the cart most difficult to 
redesign has been the harnessing device 
for which no satisfactory design has yet 
been found. The prevailing method of 
transmitting the bullocks’ power is ineffi¬ 
cient and also cruel for the animals. The 
third point of the load of the cart tails on 
the neck of the animal with the other two 
on the two wheels. So long as the load in 
the cart is balanced on the two wheels 
and the cart plies on a level track the 
vertical load on the neck of the animal is 
small and steady and the bullock can bear 
it without pain. Actually the country 
roads are quite sloppy and rarely level 
due to rivers, rivulets, hillocks and un¬ 
even terrain. 

Even if the cartman loads the cart 
properly, the load on the animaFs neck 
increases while plying on down gradients 
with considerable pain and injury to the 
animal. The cartman^with no means to 
balance the load on sloppy terrain, help¬ 
lessly connives at the torture the animal is 
put to, and has to force the animal by 
merciless flogging. An upward pull on the 
throat of the animal will suffocate and 
may even kill the animal. So a cartman 
always keeps much more load than neces¬ 
sary on the neck, as a safeguard against 


the animal’s suffocation. This additional 
load results in further wastage of effort. 
The animal soon gets fatigued and even¬ 
tually his neck skin peels out. 

A device that can maintain a steady 
and easy load on the animal’s neck is 
therefore sorely needed. The device 
proposed below is simple and sturdy. The 
cartman can operate it from his seat and 
balance the load instantly when needed. 
It is light, weighing about 70 kg and yet 
balances the load of a fully loaded cart. It is 
cheap and does not hinder the movement 
of the bullocks and keeps ample ground 
clearance on village roads. 

The device consists of four cylindrical 
iron rollers, each nearly 20 cm long and 
nearly 10 cm in diameter. These rollers 
can roll from the front end of the cart to 
the rear end and vice versa in a frame. 
The angle iron frame is fitted under the 
chassis of the cart and is hinged at the 
centre of its length and suspended on the 
axle of the cart wheels. With this arrange¬ 
ment the free ends of the frame can move 
up or down. 

When the front end of the frame is 
raised, the cylindrical rollers roll by 
gravity to the back side of the cart. 
Similarly when the front end is lowered, 
the rollers roll from the rear end to the 
front end. The cartman can raise or lower 
the front end of the frame by hand 
through a lever, fitted in front of the cart. 
The lever ha^i a lock pin, which automa¬ 
tically enters the hole on the cart chassis. 


educing vertical neck-load in bullock carts 
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f^Miaai-drawn vehicles, « veitical 
Inri). undoubtedly acts on the animal's 
because shock loads caused by 
!!;||i^en temdn are not absorbed by the 
in firevalent designs. Several papers 
Mtiiishw by the Indian Institute of Man- 
inent, B^galore have drawn 
to this pttobiem. At present, not 
does the animal’s nedc bear the 
Itrain of ascent and descent, but is 
cruelly employed (dr braking and 
Ing in double.bttllock carts. 

Hitce notable altematives to the pre- 
)| wooden yoke have been tried out. 
« first ia a horse-type harness which 
aimy with the traditionsJ yoke 
Extensive trials at the iim-b 
however, that this involves eady 
:;av0rli.ttai'ning for the draught animals 
are to accept the harness. There 
.a|Ul scope for further work in this 




Jllie seopud alt^nuitive is an liM-B 
at the indtan Road 
£xhibitioii, BatigalorCs during 
1^79 a which has sought to reduce the / 
load on the animart neck, b/ 


using spring steel in the yoking device. In 
many cases the problem could be briber 
tackled by using a single animat with an 
improved cart of the same capacity as the 
traditional one. 

The third alternative introduced in 
1976 by Shri Venkataraman of the P$G 
Institute of Technology incorporates a 
third wheel in the front of the cart to 
tackle the problem. Sometimes the third 
wheel is at the back instead of the front. 
The paradox of the third wheel is simply 
that It is most required on uneven terrain 
where shock loads on the animal are 
greatest, yet it is precisely here that it 
literally breaks. On metalled and maca¬ 
damised surfaces, the cushiontiig effect of 
pneumatic tyres takes care of some of the 
vertical load, but adds to faking friction 
at the wheels* The problem of the veitical 
load incident on the ammars neCk is 
greatest on uneven surfaces which, 
account for jthe btitk of terrain now 
travelled by bii(llock carts, 

'•^The large\:#iflBeter''pf'^.tM 
betiet siditpw tsticom- 

pacted 


has therefore to be retained. The rim can 
in such cases be covered by hard rubber. 
The vertical load on uneven surfaces 
remains a crucial and intractable prob¬ 
lem. It will have to be tackled through a 
redesigned yoke or by dispensing with a 
yoke altogether. 

A. Parikh’s system of rollers is an 
innovative variation of the idea of the 
third wheel. It will also, like the other 
solutions, add to braking friction at the 
wheels. Its efficiency needs to be tested 
and established in field trials uiidbf 
varying^ conditions of terrain, des^, 
freight and draft power, However, dme 
can be no single solution for the different 
types of carts—for example; low slu^ 
and high slung—and animal breetto cd 
varying heights and capacity. Lastii^, 
soiuttons must also find simple varim^ 
lor the present system of 
'animals./' ■ 

hi.SvM 
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This transfers all the vertical push or pull 
gained by the iron frame (by the com¬ 
bined action of the rolling weight of 
rollers and the length they travel from the 
back and to the front end and vice versa) 
to the cart. The cartman can 
stop and lock the rollers at any desired 


position in the frame with a simple device 
by turning sideways the handle provided 
in front of him. 

The device has been quite successful in 
the field trials. When installed, it can not 
only relieve the draught animal’s torture, 
and save him from premature death, but 


can also increase his load hauling capacity^ 
and extend his working years. ; 

R. A. PARIKIf 

Mr. Parikh is a mechanical engineer fro 
Baroda and has won awards for hie inve 
tions of a salt harvester and a cooking ge^' 
indicator 


All the components 
to complete 
a vacuum system 
from a single source.. 




Ball valves • Solenoid operated isolation/ 
air admittance valves • Quarter swing 
valves • Needle valves • Air admittance 
valves • Screwed couplers • Rotary shaft 
vacuum seals • Feed throughs HT & LT 
• Thermal & Water Flow Switches. 

For further details contact; 


lAwrei\cc&Mtiyo(li\dia) Private Ltd. 


76, Janpath, New Delhi-110001. 

Branches : Bombay-274, Or. 0. Naoroji Road* Csicutta-ll. Govt. Place East> 
Madrat-4/16, Annssalsi; Bangalore-4-B, M.G. Road; Sacunderabad-115 Park Lane. 
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All the taste, all the way 


^ ooomcv PH^N MOM UMITEO 
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Before the forests disappear 
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M AN’S involvement with trees 
has been u love-hale one. He 
has tended and propagated trees 
which were obviously useful, trees 
which yielded fruit, spices, limber 
and rubber. But he has also been 
unsparing with the axe. One of 
the most profligate uses of wood¬ 
land in recent times has been the 
conversion of vast areas of the Ama¬ 
zon basin into cattle ranches by 
multi-national companies for sup¬ 
plying beef hamburgers to the Amer¬ 
ican market. 

It is not merely modern man who 
has been wasteful with woodland. 
There is evidence that the Harappans 
laid waste forests to expand their 
pastures and farmlands, a factor 


which might have led to floods and 
hastened the decline of the Indus 
Valley civilisation. The forests bor¬ 
dering the Scandinavian countries 
were burnt centuries ago to boil brine 
for salt; the Mediterranean forests 
were consumed by the ship-building 
activities of the ancient Greeks and 
Romans; and the cedars of the Leba¬ 
non went into the temple and mum¬ 
my-case building trade. 

With the coming of the Industrial 
Revolution, when coal and oil be¬ 
came the dominant fuels, and steel 
and concrete the prime building 
materials, wood receded to the back¬ 
ground in industrial countries. With 
the recent oil price crisis, it is once 
again coming to the fore. 


. 

In the developing countries, which^ 
in general are also poor in fossil'g 
fuels, wood is still an important fueij^J 
and will be for nian\ decades IJp^i 
come. For many poor people it takes; 
a whole day to collect tucl for 
next day's cooking. Under the hcact-.-i 
load system prevailing in many places j 
in India, tribals arc allowed to take': 
from the forest whatever thes can'^ 
carry: trees arc felled, allowed to rot 
and then carried awa> as dead-'^j 
wood—which is not recorded in.^| 
forest department siatistics. Timber 
contractors and smugglers take their 
own toll oi the woods. As a result, once. 
densely wooded areas ol Rajasthan 
have been reduced to scrubland. It is 
the same stoiy in Madhya Pradesh. 



(Since tree roots absorb water and bind 
Ihe soil particles, denuded areas have 
been ex^riencina flash-floods. 

An estimated 150 million cubic 
metres of wood are taken out of the 
moist tropical forests by people in the 
humid tropics. The diy regions, where 
biomass production is limited by the 
low rainfall, are more seriously en¬ 
dangered than the humid tropics or the 
trcmical highlands. 

It is true that most countries have 
forestry departments, but traditional¬ 
ly these have been concerned with 
conserving the existing forests or 
legarding them as cornucopia for the 
furniture and building industry. As 
recently as last June the Kashmir 
Forest Development Corporation 
minounced a grandiose plan to ex¬ 
tract one crore cubic feet of timber 
from Kashmir’s forests, ''as against 
90 lakh cubic feet last year.” 

What is needed to overcome the 
foelwood crisis is a new approach to 
forestry. Forestry has to be taken out 
of the forest, as Dr. Rangnekar and 
Dr. Relwani put it (p. 4K). Over the 
last three decades, Vanamahotsava, 
the Great Forest Festival, has re¬ 
mained a spasmodic ritual confined 
to the cities, where viPs are available 
for the ceremony. Saplings have been 
planted at street corners and road¬ 
sides and then forgotten. 

What a massive concern for trees 
can achieve has been shown in the 
Philippines where in 1976 a poly- 
bsfggcd seedling of Subabul (Leucaetw 
leucocephala) was distributed to each 
school teacher. The teacher planted 
the seedling and raised it with the 
assistance of her students. After a 
year, when seeds were produced, 
seedlings were grown again for a 
second year on the school premises. 
These seedlings were distributed to 
the students who raised them on the 
school premises or in their houses. 
Later,*they distributed seedlings to 
their neighbours for their own plant¬ 
ing. At the same time, propaganda 
was done on radio and tv. In three 
years, the extension work was so 
successful that every house now has 
Subabul trees in its compound. 

Equally instructive is the experi¬ 
ence of South Korea which has 
solved its rural fuel problems by a 

S rassroots programme. The rapid in- 
ustrialisation of the 1960s had 
drawn more people to the cities and 
bad created glaring disparities in 
incomes. As part of the 'saumaul' or 
new community programme, a for¬ 
estry scheme was launched in 1973 to 
mobilise villagers* to plant public and 
private lands, to produce mushrooms 
and valuable leaves and to establish 
firewood lots to meet local needs. 
Over the centuries, village level fore¬ 
stry groups had been established in a 


desultory wdy. The government now 
encouraged the setting up of Village 
Forestry Associations (VFAs) as part 
of a national non-governmental net¬ 
work headquartered in Seoul. Owners 
of suitable lands were given the 
option by the vfa officials either to 
refore.st the area themselves or turn 
them over to the VFA in return for a 
tenth of the proceeds. The harvested 
wood from the woodlots is distri¬ 
buted among the households and any 
marketable surplus is put into a 
co-operative fund for further com¬ 
munity development projects. The 
federation of the VFAs expects that 
the country’s rural problems will thus 
be largely solved in the early 198()s. 

Critics of such programmes argue 
that they have been achieved by 
regimentation and their success due to 
the peculiarities of South Korea’s 
culture with its Confucian tradition 
and emphasis on obedience to au¬ 
thority. Yet the tangible results sug¬ 
gest that regimentation alone could 
hardly have done the job. For many 
families which had been obliged to 
use coal for home heating, the locally 
crown fuciwood augmented incomes 
by an average of 15 per cent. 

In the Philippines, mass involve¬ 
ment was undoubtedly the main fac¬ 
tor making for success, while the fact 
that none of the islands receives less 
than 1.00(1 mm of well-distributed 
rainfall might also have contributed. 
Erik Lckholm, the Worldwalch 
researcher who first drew attention 
to the fuciwood crisis, suggests that 
the combination of political will at 
the top and willingness at the bottom 
which marked the South Korean 
success has lessons for other coun¬ 
tries with fuciwood shortages. 

Jn China and Indonesia, too, 
house gardens supply a good deal of 
the family’s fuel and in the former, 
about 4.5 per cent of the population 
is believed to be engaged in village 
forestry. 

While social and farm forestry can 
take care of cooking fuel needs, 
power generation for industry will 
rcqu'irc energy plantations (p. 46). 
In countries like the USA and the 
Phillippines, the spadework for this 
is being done. Dr. Gurumurti and 
Mr. Raturi have worked out the 
modalities for such power generation 
(p. 4b). 

We have nearly 7 million hectares 
of usar land in India, land rendered 
unfit for agriculture by their salt and 
alkaline content. Substantial work 
has been done to identify the tree 
species which can be raised on such 
soils (p. 43) but if tree cropping is to 
be taken up seriously, the economics 
of plantings, suitable cropping pat¬ 
terns and genetic improvement, as 
also pest and disease resistance, will 


all have to be studied. In any fue^ 
wood trial, local species will have to 
be given priority. Some species re¬ 
commended for fuelwood planting 
are hardy and aggressive and when 
introduced into benign terrain might 
run wild and become weeds. 

Subabul has given a good account 
of itself in Uruli Kanchan (p. SD but 
in other areas, the shoots, seedlings 
and even the leaves have been nib¬ 
bled by monkeys and hares. Since the 
seedlings require individual care, 
Subabul perhaps will be more suit¬ 
able for social forestry and farm 
forestry schemes rather than for 
large-scale afforestation. 

The great attraction of social fore¬ 
stry is that it requires much less 
expertise than traditional forestry. In 
Addis Ababa, farmers grow eucalyp¬ 
tus under conditions which make 
nonsense of scientific silviculture but 
which work—for them. Preliminary 
reports from Gujarat are encourag¬ 
ing: farmers there have found euca¬ 
lyptus cultivation profitable enough 
to give up conventional crops. 

Under the Sixth Five Year Plan, a 
social forestry scheme will be laun¬ 
ched in about 100 selected districts all 
over the country. This will reinforce 
the existing social forestry schemes at 
the State level. The programmes 
include the “A Tree for Every Child" 
scheme under which seedlings will be 
distributed free of cost to the farmers 
and children. Seedlings supplied to 
farmers will be those which can 
supply fuel, timber and fodder, while 
seedlings supplied to the children will 
be Iruit trees, so that while eating the 
fruit the children will presumably 
imbibe tree-consciousness. The suc¬ 
cess of such programmes will largely 
depend upon the socio-cultural, eco¬ 
nomic and religious milieu of the 
locality and the attitudes of people to 
change and governmental interven¬ 
tion. rhey will have to be assessed 
periodically by experts (p. 53). 

Forests are the last great natural 
resource. Because they are renew¬ 
able they can outlast the fossil fuels 
and nuclear energy. We have to 
come to terms with the jungle. 
Thanks to a countrywide attack of 
conscience. Silent Valley^ the only 
remaining bit of tropical rain-forest 
in India, has received a reprieve. The 
same kind of consideration should be 
bestowed on the disappearing forest 
lands. While ()fficial action like the 


proposed C entral legislation to con¬ 
serve forests and discourage trcc- 
fclling is welcome, support should 
also be given to volunteer groups 
like Sunderlal Bahuguna’s Uhipko 


movement. 


PRAVIN KUMAR 


Mr. Kumar is on the editorial staff of 
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forests for fuel 

THE SECOND 
ENERGY CRISIS 

Time is running out for the forests, unless the inroads made into 
them by fuel-gathering and lumbering are compensated by 
replanting and village woodlots 


T he major concern ol most 
governments at present is to in¬ 
crease and conserve energy supplies. 
Since energy for rural development 
has become one of the more crucial 
issues, firewood is beginning to enter 
the mainstream of national and inter¬ 
national priorities and policies. Now 
there is new regard for foresters and 
appreciation of the importance of 
their skills to a nation's present and 
to its future. Many government de¬ 
partments other than forestry have 
suddenly become interested in fund¬ 
ing tree-growing -for example. 


use through combining wood and 
food production. 

Firewood—far from becoming out¬ 
moded—has become a recognised 
source of energy, and demand will 
increase enormously in the coming 
decades. Indeed, wood products are 
likely to continue as the most impor 
tant universal fuel for rural* areas ot 
developing countries. 

John Spears of the World Bank 
calculates that even with optimistic 
assumptions that wood-conserving 
stoves, biogas reactors, and solar 
cookers will be u.sed where available. 



Pigeon pea stalks gathered for fuel 
( Hyderabad) 

that requires little foreign exchange 
and is independent of the vagaries of 
international commerce. It does not 
demand a sophisticated distribution 


departments of energy, agriculture, 
rural development, conservation, 
natural resources, and community 
services. 


an additional 20 -25 million hectares 
of trees must be planted by the year 
2(MK). At the present rate of refore¬ 
station, that is 10 times more than 


network; indeed, it is the most acces* 
sibic form of energy for most rural 
populations in developing countries. 
It is a familiar fuel whose use re- 


.AII over the world, foresters and 
even national political leaders are 
beginning to recognise the need to 
integrate forestry into rural develop¬ 
ment in new ways. The World Bank, 
the world's largest lending institu¬ 
tion, in a recent forestry sector policy 
paper has announced its intention to 
multiply its support for such activities 
as village woodlots, farm forestry, 
and environmental rehabilitation. 
And in Nairobi, the International 
Council for Research in Xgro- 
forcstrv has been set up to co¬ 
ordinate and stimulate efficient land- 


will be achieved. 

Wood can be grown where no fuel 
was produced before. It is renewable 
and its production can be sustained. 
The Indian ncem tree, introduced to 
the Accra Plains of Cihana early this 
century, has been providing firewood 
to towns such as Kumasi (and to 
villages in many West African coun¬ 
tries) ever since, and the supply 
seems to be keeping up with de¬ 
mand as the vigorous and resilient 
neem is reseeded by bats that eat its 
fruit. 

Wood can be a “self-reliant" fuel 


quires few extension services. One of 
the cheapest sources of energy avail¬ 
able, it can, if necessary, be used 
without expensive metal appliances. 

It is one of few fuels that an indi¬ 
vidual can produce for himself. Near 
Mendi in Papua (New Guinea), high¬ 
land tribesmen plant Casuarina lolh 
godon for firewood around commun¬ 
ity “longhouscs" and in abandoned 
farmland. Although contact with this 
remote valley was made only in the 
last 20 years, today it is common to 
see tribesmen sitting beside the road 
surrounded by cords of firewood for . 
sale. 
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Car powered by wood ges that in 1979 travellea coast to coast across the Uniteo States 
m IfliaMt ti4p0 kg of ¥vood 


Fuelwood is not limited to house¬ 
hold use. Large energy plantations 
are planned or arc already underway . 
in the United States and many other i 
countries to fuel machines. i 

The lumber and paper industries 
have long used bark and waste to 
generate steam and electricity. In¬ 
deed, eight per cent of Sweden's 
energy and 15 per cent of Finland's 
energy is generated from wood; in 
the United Stales, in 1974, more 
energy was generated from wood 
than from nuclear power. An electric 
generator designed to consume about 
25,(XX) dry tons of wood fuel each 
month has recently been installed at 
the Jari Project in the Brazilian 
Amazon to power a pulp mill, a saw 
mill and a township of over 10,0(X). 
people. 

Tne Philippines plans to support, 
rural electrification with several 
wood-fuelled power plants. Early in > 








^^ 8 it planted an energy forest of 
m^mcaena leiicocephala which will be 
Iplsed to fuel a /S megawatt steam 
ll^^wer plant. A study that considers 
||:;oauling distance, plantation and 
cooling-water requirements, and 
gv^vailable government reforestation 
(<;■ areas has identified 25 potential ener- 
^ plantation sites with a total area of 
f approximately 32(),(KK) hectares. If 
I fully planted, these could support 19 
wood-fired power plants with an 
^overall generating capacity of 1,425 
l^inegawatts. According to the official 
?;;>ircport, a wood-fired electrical gener- 
aiing plant could not only compete 
economically with an oil-fired plant, 
l^but could also generate an estimated 
foreign exchange savings of 
approximately $ 146 million in the 
first 10 years of operation. 

Firewood production can be good 
i^for economic development in rural 
‘".areas. Growing trees for firewood 
can be successfully combined with 
the production of posts, poles, and 
f timber. The production and sale of 
5 ,:wood to nearby urban centres can 
I provide many jobs and much cash 
:|income for rural areas. It has been 
f estimated that some 6,000 families 
:f^:arc involved in supplying wood and 
!:{Charcoal to the city of Maputo in 
?: Mozambique, for example. Few 
^ :pther energy sources can provide and 
maintain such high employment. 

V Firewood plantations 

It has been estimated that at least 
; 75 per cent of tropical land is inhe- 
;. rently unsuiled to sustained conven- 
I tional agriculture, but 35 per cent of 
. the population of the tropics lives on 

V this land. About half of it will not 
jJ' support vegetation of any kind. The 
l^best use of the remainder is tree 

cultivation (or the simultaneous or 
?i:sequential cultivation of trees with 
|;..,iannual crops or with the pasturing of 
animals). V'irtUcillv everywhere, vil- 

V lages have unused or misused areas 
on which woodlots can be planted. 

fi But theie is little modern experi- 
f ence with growing trees explicitly for 

V firewood, even by most foresters. 

' Fuel production has long been consi- 
: dercu the lowest use of wood, and 

foresters have traditionally cultivated 
trees primarily for other purposes, 
such as timber and pulpwood. For 
/ these products, the species they 
:i choose to grow are not those that 
r would be grown purely for fuel. 

Firewooti plantings can use species 
v with short boles, crooked trunks, or 
wood that warps or splits as it dries. 
These features are not as detrimental 
^ to fuelwood use as to limber produc¬ 
tion. Nor is stem size. In simple 
Ci>okstoves, for example, branches as 
: small as one or two centimetres in 
: diameter may be ideal. Thus, a shrub 
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may prove satisfacto^ for vitlo^ 
fuelwood silviculture if it grows fast 
and produces a dense wood that 
burns with intcn.se heat. In practice, 
fuelwood may come both as a prim¬ 
ary crop from fuelwood forests and 
as a secondary crop from timber 
forests. 

For 25 years, steadily expanding 
fuelwood plantations of Calliandra, 
a small Central American tree that 
was imported as a shade and orna¬ 
mental tree have been established in 
Java, until they now cover more than 
30,(K)0 hectares there. 1'he wood, loo 
small for lumber, is dense, burns 
well, and is ideally sized for domcsiic 
cooking. It is also useful for fuelling 
brick, tile, and lime kilns and for 
copra and tobacco driers. Indonesian 
villagers now cultivate it widely on 
their own land, often intercropping 
with food crops. Today the villagers 
make good living selling the fire¬ 
wood, earning more from it than 
from their food crops. 

Another example of shrubs grown 
succe.ssfully for firewood is found in 
South Korea. Known as “miracle 
plants ’, the leguminous bushes Le.v- 
pedeza bicolor and L. thunher^ii 
rapidly cover bare ground, and their 
long, shallow roots bind and hold 
down soil. Prolific root nodules pro¬ 
vide nitrogen, and their protein-rich 



foliage fed to livestock. "FblmtiSiis 
plant Lespedeza species around pine 
seedlings to protect the soil, to pro¬ 
vide plant nutrients and to produce 
forage and firewood until the forest is 
established. The dense wood of the 
small stems is eagerly sought for 
cooking fuel, and it is a well- 
established Korean practice to plant 
Lespedeza species along ridges as a 
firewood crop. 

Other benefits from woodlots 

In addition to fuel, woodlots in and 
around villages and cities can provide 
stable and pleasant surroundings. 
They also reduce wind erosion, be¬ 
neficially influence local temperature 
and humidity, and in many cases 
replenish and rc-dislribuie essential 
soil nutrients. 

A covering of vegetation slows 
rainfall runoff, which generally 
allows for greater groundwater 
recharge and so helps maintain year- 
round stream llow. Thus it decreases 
the likelihood ot floods and the build¬ 
up of sill in reservoirs, thereby in¬ 
creasing the capacity and life of 
hydroelectric and irrigation facilities. 

Most efforts to combat flooding 
and sillation (as well as snowslides 
and landslides) have entailed en¬ 
gineering measures—dams, embank¬ 
ments and dredging. But these 
relate to symptoms, not Causes. 
Reforesting denuded areas is a pre¬ 
ventive measure that decreases the 
severity of flooding and decreases the 
load of sediment entering waterways. 
For decades floods, drought and 
famine were recurring calamities of 
Fukien Province in China, but in the 
five years since forests were re¬ 
established in the hills and water¬ 
sheds, the inhabitants have lived free 
from all three. 

Indiscriminate firewood collection 
is currently one of the principal 
destroyers of native forests. Inten¬ 
sively cultivated woodlots on acccs.si- 
blc sites can help relieve this pressure 
on natural forests by supplying a 
large share of the needed firewood 
more conveniently. 

Woody plants can provide more 
than fuel calories. 'Fhcy can also be 
sources of; vegetable oil and fruits 
and nuts for food; edible leaves and 
shoots for sauces, curries, salads, and 
beverages; honey; forage for lives¬ 
tock and silkvvorms; green manure 
for fertilizing soil; tanbark for the 
tannin used in leather making; medi¬ 
cines and pharmaceuticals; extrac¬ 
tives such a.s resins, rubber, gums and 
dyes; timber, lumber, posts, poles, 
and pulp for paper, cardboard, and 
construction boards; and shade for 
pastures or plantation crops such as 
coffee and cacao. 

Some of these uses are inimical to 




fuel prMiiiiirtd^^^^ tihe/gi^ the 
tree owner more flexibility; he has 
the option of using some specimens 
perhaps for forage, while keeping 
others for fuel. 

Fitelwood management 

Today, international aid agencies 
and foresters in the Third World are 
receptive to new notions about ihe 
objectives and practices of forestry. 
In essence, they recognise the mod¬ 
ern necessity of taking forestry out¬ 
side the forests—of involving people 
throughout the countryside in grow¬ 
ing trees to meet their own require¬ 
ments as well as to protect the land 
off which they and their livestock 
live. 

Firewood, production is less depen¬ 
dent on silvicultural expertise than 
saw-timber is. and therefore can be 
done by non-professionals who learn 
the basic techniques for their own 
use. How ever, though the cultivation 
ot firewood species does not lienjand 
continuous professional supervision, 
a ftuesi service may be needed to 
pnnide seed or planting stock and 
advice for getting the trees estab¬ 
lished. 

Trees for firewood can be planted 
in “non-forest * areas: along road¬ 
sides. in shelterbelts, on farms, on 
unused ^land. and in schoolyards, 
cemeteries, churchyards, market 
squares, parks and home gardens. 


F^eiwcod trees can be cultivated in 
small woodlots, even as individual 
specimens around a house or village. 
In some areas, such as Java and the 
People's Republic of China, home 
gardens already supply a good share 
of family firewood needs. 

Rural areas can probably supply 
their own fuciwood from small, local 
plantings, but urban areas can best 
be supplied from concentrated large 
plantations, strategically located and 
possibly government administered. 

Firewood plantations can be self- 
renewing, They are usually managed 
on rotations of about JO years (much 
less in some moist tropical regions). 
The timing varies with the quality of 
the soil, species used, temperature, 
moisture available, and intensity of 
cultivation. Rotations of Jess than 
five years seem feasible in many 
areas, especially for those species 
that regenerate by sprouts (coppice). 

Characteristics of fuelwood species 

'Frees most likely to prove iisetui 
for fuelwood plantations are those 
termed “pioneers", which in nature 
colonise deforested areas. I'hesc 


withstand degraded soils, exposure^ 
to wind, and drought. Many are' 
rapid-growing legumes that fiX: 
atmospheric nitrogen. The very naiV* 
ture of a pioneer species endows H;; 
with adaptability, a^ressiveness and ^ 
hardiness on hostile terrain. The;i 
most promising species are often the ^ 
last natives to survive repeated grazK 
ing, cutting, fire and soil degrada^ 
tion. These are usually well known, ,; 
available nearby, obviously adapted/;^ 
and tough. Some of these spede^i^;; 
may not require nursery production / 
and laborious transplanting. Some- 
pioneer species can be seeded direct*; 
ly. on site; large stands of Leucaena 
leucocephala and Sesbania frandif*' 
fora have even been established in 
South-east Asia merely by scattering* 
seed from the air. 

At the same time, the vigour and ^ 
adaptability of some of these species 
make them potential weeds. The 
ability to coppice or grow rapidly 
from root suckers is exceptionally 
important in a firewood species. The 
slumps of coppicing plants do not 
die; instead, dormant or adventitious 
buds regenerate new shoots. This 




Acacia tortHis from the Negev Desert, 
(•reel. The 'umbrella thorn' supplies fuel to 
much of arid and semi-arid Africa and the 
Middle East. It is a drought-resistant spe¬ 
cies that can be established in a wide array 
of habitats under extremely arid conditions 


allows repeated harvest without the 
cost and effort of replanting seedlings 
each time. Moreover the living roots 
continue to bind the. soil, and a 
canopy of new foliage quickly de¬ 
velops to shield the soil surface from 
rain and wind and helps suppress 
weeds. C'oppicc sprouts usually grow 
vigorously because they are served 
by roots big enough to feed the 
former tree. 

Most woods burn, but their rela¬ 
tive value as fuel is measured by 
certain characteristics. Density is the 
most general gauge of a wood’s 
burning quality. The heavier the 
wood (when dry), the greater its 
calorific value. The heat given off is 
enhanced (by about 20 per cent) by 
the resins found in conifer woods and 
by the oils and gums sometimes 
found in hardwoods. Green wood 
has a lower heating value than dry 
wood because energy is used in eva¬ 
porating the moisture. The loss may 
reach 20 per cent which represents the 
wastage of one growing year in every 
five. Air-drying the wood yields 
more calories per unit of time than 
docs tree growth in the forest. Air 
drying is thus a critical firewood 
conservation measure. 

Some woods burn well even when 
green, a particularly important 
advantage where fuel is so urgently 
needed that the users are unlikely to 
lake the time to dry their firewood. 
Rotted wood gives less heat than 
sound wood, so that a species’s natu¬ 
ral durability and resistance to fungal 
decay may be important. Some 
woods arc poor fuels for use in 
unsophisticated stoves because they 
spark excessively or because their 
smoke is odorous, toxic or irritating. 

Planting fuciwood on a large scale 
demands social and political commit* 
ment. Decision makers in many 
countries, including Nepali South 


Korea, the Philippines, and the Sahe¬ 
lian countries, are already funding 
national tree-growing programmes, 
but elsewhere the impending crisis is 
generally not attracting the necessary 
financial commitment. This neglect is 
likely to disrupt energy supplies and 
lead to severe hardship in rural areas. 
As the pressures for fuel increase, it 
may lead to civil unrest and the de¬ 
vastation of new plantations. 

What needs to be done 

To alleviate the growing shortage of 
wood fuel is one of mankind's major 
challenges. To this end, firewood re¬ 
search is vital, requiring the combined 
efforts of government, industry, land- 
owners, villagers, researchers, philan¬ 
thropic institutions and development- 
assistance agencies. Some activities to 
be undertaken (sequentially'or con¬ 
currently) include: 


# Searching out and reducing the 
wasteful use of available fuel. Forex- 
ample: 

1. Ensuring that existing wood re¬ 
sources are harvested and used with¬ 
out waste; 

# Testing and developing fuel- 
efficient stoves, particularly ones that 
villagers can make themselves; and 

# Instituting pblicies and programmes 
that encourage the use of alternative 
energy sources such as biogas and solar 
heat. 

2. Conserving existing fuelwood 
sources. For example: controlling har¬ 
vesting intensity to preserve forest 

roductivity. 

. Identifying available production 
areas such as those in existing forests, 
wastelands and farmlands. 

4. Identifying the tree species found 
locally, noting especially the species 
traditionally preferred for fuel. 

5. Testing tree growth in all the avail¬ 
able production areas. In all trials of 


exotic species, local species must be in¬ 
cluded for comparison. Characteris¬ 
tics of the trees that should be assessed 
include growth rates by volume and 
dry weight (of stem and branch wood), 
wood and chemicaljproperties and re¬ 
sistance to pests. Ine importance of 
selecting and using the best seed 
source within a species cannot be over¬ 
emphasised. 

For species that show promise, 
adaptability trials should be set up to 
determine the responses of various 
species to different soils, growing 
conditions, altitudes, latitudes, tem¬ 
peratures, moisture conditions and 
pests. This will indicate the relative 
advantages and limitations of each 
and will provide the technical backup 
for pilot-sized fuelwood plantations 
than can serve as demonstration 
plots. It will also enable researchers 


and officials to become familiar with 
the species tested. These trials might 
also provide the germplasm to start 
local woodlots and firewood planta¬ 
tions. 

Comparison of experiences from 
such pilot plantations will provide the 
foundation for decisions establishing 
and utilising firewood plantations 
and allow predictions or economic 
success. 

Most of the species selected are 
likely to be grown mainly in woodlots 
and backyards or planted to double 
as living fences, or shade trees in 
pastures, or in plantations of coffee, 
cacao, or other crops. Testing 
should, therefore, be done over a 
range of such conditions. 


Excerpted by permission from Firewood 
Crops, a report of the Board on Science and 
Technology for International Oeveloptnent, 
National Academy of Sdjsnoea^ v . 


Scheme To ‘Reforest 
Degraded Lands’ 


From 0«r Sneetol leiirwaBUtlve 

NEW Dr.LHl. June 13.^The Mi¬ 
nistry of Agriculture has forr.miji 
ted e Centrslly-sponsored scheme 
to raise “social forestry” through 
mixed plantation and reforeatoUon 
^of degraded fereit land. 

atete Governmenta are helng 
to Implement speeJiu 

_ ^^^ggggmnm ea with 

foreign asrUMIHmiHlie 

during the Sixth Plan period .. 

States (Uttar Pradesh: Ra 80 
crores. Gujarat: Ri 60.0 crorca. 
West Bengal: Ha M crores, Ma¬ 
dhya Pradesh: Ra 40 crorri. T.imll 
Nadu: Ra 40 eroraa, Maharaahtn: 
Ra 40 crores. Orls^s: Ra 22.5 crorca, 
Karnataka: Ra 00 croros and Ha¬ 
ryana : Ra 22 crores) are to Imple¬ 
ment projects worth Ra ISOS 


About tetf 


obtatiird from assistance given by 
three Important li'tornatlonal 
agencies, the World Bank. USAID 
and SIDA. 

In U.P. .ind Gularat the project 
has bren iinr>!eMi:nt^d from last 
year, while it is under different^ 
stages of bnplementaUon In ' 
Stalaa. ^ 

__alms at 

fanners sRorest 
about 5,000 hectarcg of land to 
meet requirements of fuelwood, 
mall timber, fruits and fodder in 
the rural areas. The project will be 
completed in five yeeri. 

Pending Snalliatlon of Snanclal 
aaslstance from the Swedish Inter- 
national Development Agency me 
State Governments have taken UP 
the activities proposed In the first 
JW o< tbi sraiM iron April i* 





forests for fuel « 

Planting i 

for 

Energy 



In many parts of the counry, tribals are permitted to carry away a headload of fuel from the 
forest 


R. N. Kaul 
K. 'Gurumurti 

The knowhow is now available 
for running mini power-stations 
fed by fuelwood and each cater¬ 
ing to a small group of villages 


B randishing placards read¬ 
ing “ Frees for the people” and 
“Daylong journey for fuel—relieve 
us of backbreaking labour”, I,(K)0 
Kenyans carried symbolised bundles 
ot firewood and laid them at the feet 
of delegates attending the UN Con- 
leieiue on New and Renewable 
Sources ^of Lnergy at Nairobi last 
August. The delegates were obliged 
to suspend their consideration of 
sophisticated energy sources like 
vsind, wave and solar power and 
locus attention on “the second ener¬ 
gy crisis”—the fuelwood crisis. For, 
in the Third World, which mostly 
lacks hydrocarbon fuels of its own, 
and finds imported fuel prohibitively 
expensive, fuelwood is by far the 
most important fuel. 

In India, the rural poor, particular¬ 
ly in remote villages where lpo. ker¬ 
osene anil coal are hard to come by, 
are mostly dependent on fuelwood 
Idled from the forests. Indiscrimin¬ 
ate felling, however, has led to flash- 
floods, soil erosion and silting of 
dams, which were meant to check 
floods and provide electricity and 
irrigation water. Moreover, the de¬ 
mand for fuelwood is fast outstrip¬ 
ping the resources of existing forests 
and new growth. In fact, by the turn 
of the century — as things are going 
at present — India may have enough 
food but not enough fuel to cook it. 

We have to turn to the renewable 
sources of energy, to biomass (see 
Sc’iENrt Today. August 1981, p. 
19). In particular, we have to draw 
more upon the solar energy stored by 
plants and trees in their tissues. A 
tree that coppices well (gives out 
shoots) can go on yielding fuelwood. 

Wood, charcoal and agricultural 
and residues have remained 


the predominant fuels. Alternative 
sources of energy are needed, espe¬ 
cially for our villages. wSome of the 
alternatives arq: (a) intensifying the 
productivity of existing fuelwood re¬ 
sources; (b) creating new fuelwood 
rc.sources; (c) organising the distribu¬ 
tion of fuelwood; (d) improving con¬ 
version technologies; (e) improving 
wood-burning devices; and (f) har¬ 
nessing other alternative sources tor 
supplementing existing cncigy 
sources. 

The quickest solution is fuelwood 
plantations which, when properly 
managed, ate renewable. The pre¬ 
sent per capita fuelwood consump¬ 
tion is 0.6 tonnes. With a population 
of 684 million (1981 census) the 
present requirement of fuelwood 
would be of the order of 410 million 
tonnes per annum. According to the 
National Commission on Agriculture 
(NCA), 1972, the fuelwood production 
in the country is expected to fall short 
of the requirement by liK) million nT 
in 1990. 

The concept of fuelwood planta¬ 
tions is simple, its implementation is 
not. Fuelwood plantations arc a 
means of producing fuel from plant 
material in a practical and economic¬ 
al fashion by carefully choosing the 
appropriate species, the planting de¬ 
nsity and the harvest schedule for 
each site. 'Fhe plantation is operated 
so as to minimise the production cost 
of the material required. 

Two major approaches arc in¬ 
volved in fuelwood plantations: (I) 
decentralised social forestry fuel- 
wood systems which should be raised 
and maintained by the local com¬ 


munity, (2) commercial fuelwood 
farming or the systematic and sus¬ 
tained production of fuelwood on a 
large scale and intensively by State 
Forest Departments. Fuelwood plan¬ 
tations could be established cost 
effectively under both these 
approaches, and scientific know-how 
for producing fuelwood by this 
means is available. 

Choice of species 

Fhe primary emphasis should be 
on species suitable for growing fuel- 
wood tor individual family needs. 
However, .species useful for fuelling 
small industrial factories, electric 
generators, and crop driers should 
also be considered. Sometimes even 
woody shrubs may meet the many 
requiicnients of small villages. While 
selecting the species, special con¬ 
sideration must be given to charac¬ 
ters such as rapid growth, ability to 
coppice, high calorific value com¬ 
bined with belter burning quality, 
capacity to grow under a wide range 
of environments, .soil types, rainfall 
regimes and terrain and nitrogen- 
fixing ability. Simultaneously, we 
should also look for multi-use plants 
that adapt to different sites, establish 
easily, require little care and those 
which are subject to least biological 
disruption by goals and w ild animals. 

In any trial of fuelwood plantations 
the local .species should always be 
given top priority. For a number ot 
these species, data on yield, ability to 
raise plants from stem cuttings are 
already available at the Forest Re¬ 
search Institute and Colleges, Dehra 
Dun. For example, studies on spac- 





• ing (l.«3, 2.74 and 3.66 m ) of was S3.5 per cent more than the yield 

Casuarina equisetifoliu —a well- under 2.5 m spacing. In another 

; known firewood species—carried out experiment. Eucalyptus hybrid at 

■ in Puri, Orissa revealed that the five years'age gave the highest mean 

stands attained top height of 18 to 21 yield ot 57.44 m' per ha when raised 

^ m at 19 years' age. Maximum volume at a spacing of 1 in', which was 77.1 

; production is attained at a close per cent higher than the mean yield 

! spacing of 1.83 m. The maximum obtained under 2.5 m- spacing. 

: mean annual increment attainable is ^ number of plants like Acacia 
about 6 m' per ha at seven years age. nilotica spp. huJica, A. tortilis, Albi’ 

Similarly, Eucalyptus hybrid spacing Ichhek, Cassia sianiea, Dalher^ia 
(1.0, 1.5, 2.0 and 2.5 m ) trials at sissoo. Eucalyptus, Leucaena 

Warangal Research Range, Kotha- lemocenhala, Prosonis iuliflora, 

; gudem Division (Andhra Pradesh) and Scsbania grandiflora can 

showed that at six years' age the produce very high yields when 

highest mean yield ol 92.70 rn' which plantings are done at the rale ot 

10,000 plants per ha. Work cartied 
out at the AMIV1 Murugappa C'hettiar 
Research Centre, Madras, has showm 
that it is possible to obtain 2(K)-250 
tonnes of dry wood per ha using 
C asuarina equisctijolia in four-year 
rotations with I0,(KJ0 plants per ha. 
Most of these nitrogen-fixing tree 
species would also improve the soil 
nitrogen through their root nodules. 

Land for fuelwood plantations 

As already mentioned, the re¬ 
quirement of fuelwood alone is esti¬ 
mated to be 256 million m' and 3(K) 
million m' by 1980 and 1990, respec¬ 
tively. The aggregate raw-material 
requirement of wood (excluding 
bamboos for industrial and non- 
industnal uses) is estimated to be 
35.2 and (>4.5 million m’ in 1985 and 
20(MI. respectively, under assump¬ 
tion ot high income grow'th. The 
demand for w'ood, both for indust¬ 
rial uses and fuel is rising. But the 
productivity of our torcsts is low, 
and while the industrial demands 
may be met by the existing forest 
lesoiirccs. land tor fuelwood planta¬ 
tions will have to be mobilised from 
other land resources. 

The national forest policy of India 
advocates that 33 per cent of total 
land area should be under h)rest. 
However, of a total of 328 million ha, 
only 22 per cent is reported to be 
under forest. There is thus an addi¬ 
tional 10 per cent (about 32 million 



ha) wiiich could Ve 

under forest, which would be exclu¬ 
sively for fuelwood plantations. 

Based on the statistics provided by 
the National Commission on Agricul¬ 
ture (1976) 2.7 million ha of land are 
available on the boundaries of farms. 
The area under shifting cultivation in 
the North-eastern region, Orissa 
and Andhra Pradesh is around 
3 million ha. The total land available 
along roadsides, canal banks and 
railway lines has been conservatively 
estimated to be about 0.6 million 
hectares. Over 13 per cent of the 
total area (43.6 million ha) has been 
classified as wasteland which is nei¬ 
ther under forestry nor under agricul¬ 
ture. Assuming 50 per cent of this 
wasteland to be of no value, about 20 
million ha could be brought under 
fuelwood plantations. Thus, a total 
of 25 million ha land could be 
brought under fuelwood plantations, 
which would raise the forest area of 
the country to ab<mt .30 per cent of 
the total. 

People's participation 

Programmes to raise fuelwood 
plantations require people's partici¬ 
pation. 3'hc Central or State Govern¬ 
ment can provide plans, money and 
advice, but unless people are made to 
realise the importance of raising such 
plantations, specially in community, 
lands to which they have traditionally 
free access for grazing and wood 
gathering, they arc apt to view the 
project with suspicion. The various 
village organisations need, therefore, 
to be mobilised to ensure the peo¬ 
ple's participation in successful im¬ 
plementation of these programmes. 

Commercial energy farming 

Rural electrification is costly be¬ 
cause it involves bringing transmis¬ 
sion lines from the main grid to 
sparsely populated villages scattered 
over large areas of land. Fuelwood- 
powered thermal stations, each of 
which serves a group of villages, 
would be an economic source of 
power to villages, providing energy 
for agriculture as well as rural 
industries. 

It has been estimated by Gurumur- 
ti and Raturi that, using 18 tonnes ol 
air-dry wood it is possible to generate 
20,(MM) kilowatt hours of electricity 
daily, for a group of 15 villages. The 
land required for generating that 
much electricity would be 145 ha. 
They have worked out the design and 
management practices for continuous 
production of 2(),(KK) kilowatt hours 
(kiWh) daily from the same area and 
have also suggested methods to recy¬ 
cle the minerals to prevent deteriora¬ 
tion of site quality of energy planta^ 
tions (see p. 46). 
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In our country there are 5,67,()(K) 
villages. Assuming one unit of fuel- 
wood power generating capacity to 
he established for every 15 villages, a 
total of 37.800 power generating 
units on decentralised basis would be 


required. At the rate of 145 ha of 
land for each power generating unit, 
the total area required for the whole 
country would be 37,800 x 145 or 
54,81,()00, sav 5.5 million ha ol land. 
This is a mere 12.6 per cent of the 


village forestry prograinme 


Fuciwood plantations can be raised on 
land along roadsides, canals^ river 
banks, common village areas, field 
boundaries, hill slopes and degraded 
lands abandoned due to faulty cuUiva'* 
tion. The village forestry programme in 
Gujarat has demonstrated the cost 
effectiveness of this method. This prog* 
ramme ivas started in gauchar lan^ of 
100 WUages in 1974 involving a total 
area of 400 ha. Each village AmtAeiyaf 
gave 4 ha of land for the purpose. The 
area.s were fenced and plrnit^ (5 X 5 
m) with species like Attfcia niMca spp. 
inJica, Albizzia lebbek, Azadir^m 
indka, Casuarina equisetifolk, Dilber^ 
gia siszoo. Eucalyptus hybrid. Ptltafor- 
uni ferruguinum Pongamia glabra, Sen* 
bania grandiflora, etc. No extra efforts 
to raise grass were necessary, as grasses 
came up well with fencing. The villagers 
are allowed to cut grass free or sell 
thioiti^ Panchayats. The cost-benefit 
analysis is as follows: 


Capitaf Expendfmre 
Cost of la^ 

Cost of foimation 
Cost ol supervision 
cbar|(K; etc 


Par ha 
Rs. 400 

Rs. 400 
Rs . 800 


I Total Rs. 800 

I Fhe iRvet^nt would 
smjib^tc wr .13 years; 
compound interest at 
6.5 p^t pMt, wffi: amount to Rs.1,300 

#rWMJ -total' ifs.2.100' 
AiNpnifig 

that ibe aiataiii^iaiD^I^ 

cattlav: Jmrjriiisof grass is 

estinifattil^ ).000fci per hnperanmiiii. 
Stanefijr«.fiisaidte iRiU/40 


Whi^ win. fetch Rs. 80 per ha per 
aa^ m fe. 1,2(K) for 15 years. The 
intefW earned on the recurrent annual 
revenue at the rate of 10 per cent simple 
interest for half the period would be 
(Ra.; 1.200 4- Rs. 9(X)) or Rs. 2.11K). 
Ihui^ the income from grass alone 
would balance the initially invested 
caplal. 

Assuming that only 50 per cent ot 400 
trees are available for felling in 15 years 
the cost of timber at a very meagre price 
of Rs. 25 per tree works out to Rs. 5.0tM) 
wMchis a net profit. Here the output in 
terms of environmental improvement 
has not been calculated, which will be 
substantial,for gauckar land. The above 
analysis will work successfully, provided 
Panchayats take the full responsibility 
for protection of the area. Similarly, the 
work carried put by the Haryana Forest 
Eiepartment has shown that raising fuel- 
wo^ trees in agricultural lands along 
with the main crops (approximately 350 
saplings planted around the outer 
periphery of one ha) gives a gross 
income of Rs. 1.875 per ha per year. 

!a up the social forestry project cov- 
erifig 40 districts is already in operation. 
Under this project, multipurpcjsc tree 
plantation in presently unproductive 
jand unused land including community 
is being carried out to provide 
Ifodv fodder.. limber and raw material 
for cottage industries and to provide 
amfdoyment to the rural poor, the 
inemberS of the community tGaon 
are permitted to collect free of 
chaigle wa/wm flowers, dead wood or 
fnlJdh twigs, fodi^r teave$ and grasses. 

R. N* K. 
K.G. 


totalwastoiand (43.6 mfllion hect*: 
ares). In fact, it would be less. for. 
quite a few villages are covered undCf;; 
hydel power generation. The 
problem is that for every 15 villages/^ 
145 ha of land should be madei; 
available locally, not ncces.sarily in g v] 
single block but in groups situatedi^; 
around the villages. Though the task;*';; 
is a difficult one, nevertheless it 
vM>rih a trial because of the 
mous employment potentials, apartfl 
from making sustained power availv^^S 
able lor agriculture and industry. 

1 he Forest Research Institute, De-| 
hra Dun, in co-operation with the;^ 
Gujarat Forest Department, has;! 
stablished a 25 ha plot of fuelwood.y: 
plantations at Indroda near Ahmeda^. , 
bad. In 1979, nine fast-growing spe-*'; 
cies at a spacing of 1 nr were planted ' 
under non-irrigaicti conditions. The ■ 
yield data of these species at 12- ;; 
monili and 18-mc)nih intervals have 1 
been worked out (Table 1). It is ’ 
proposed to assess comparatively the 
performance of various fast-growing ^ 
species in the given tract. The rota¬ 
tion period is fixed for tour years. = 
The data from this pil()t project, 
which is well under way, would en* ^ 
able a feasibility study for estab¬ 
lishing village luelwood plantations 
as well as -power generation facility ’ 
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using wood-fuelled thermal gener¬ 
ators. 

KauJ and co-workers have estab¬ 
lished Acacia tortilis plantations over 
800 ha of shifting sand dunes in the 
arid regions of Rajasthan. This plant 
which coppices well and grows twice 
as last as indigenous acacias and 
withstands arid conditions better 
than A. nilotica spp. indica, A. Seneg¬ 
al and other indigenous species, not 
only serves as fuelwood but is also 
excellent for soil stabilisation. 

If the tuciwood needs of our vil¬ 
lages are to be satisfied without 
continuing and increased environ¬ 
mental degradation, ways and means 
must be found to grow fuelwood on a 
sustainable basis, in addition to har¬ 
nessing other renewable sources of 
energy, especially solar and wind 
power and biogas. 


Mr, Kttuf ($3) CHNctor ^ foreittry" ^ ' 
search, Forest Research Institute end 
CoHeges, Dehra Dun. 

He is an Assoc, iari 
(Agron.) of the Indian 
Agricultural Research 
Institute, New Delhi 
and AiFc of the Indian 
Forest College, Dehra 
Dun. He was a unesco 
fellow from 1962-63 at 
the csiRO. Australia, 
the University of Cali> 
fornia, Berkeley and the Forest Research 
Institute. Israel. His research career has 
been in the areas of Silviculture and En¬ 
vironmental Forestry, particularly affores¬ 
tation of difficult sites. He was unesco 
Project Manager from 1969-76 at the Insti¬ 
tute for Applied Research in Natural Re¬ 
sources, Baghdad. Iraq. He has served as 
Consultant for unesco. unu and unep. He was 
for several years Secretary of the Arid Zone 
Association of India and Editor-in-Chief of 
Annals of Arid Zone. 




te. " 

Senior Research Off le¬ 
er and Officer-in- 
charge of the Plant 
Physiology Branch at 
the Forest Research 
Institute; Dehra Pun. 

After taking his Ph D 
from the Gujarat Uni¬ 
versity, Ahmedabad, 
he worked with the late Prof J. J. Chinoy, 
the eminent plant physiologist. Dr. Guru- 
murti's research interests have been vege¬ 
tative propagation, radiation biology, phy¬ 
siology of seed germination and flowering. 
He is a member of the Governing Council 
of Tree Physiologists. 

Recommend reading: 1. Hall, 1979: Nature, 
278, 114; 2. Revelle 1976: Science, 192. 
969; 3. Indian Farming, Feb., 1977; 4. 
Kaui, R. N. & Junk, W. (Eds.), 1970. 
Afforestation in Arid Zones. (Pub: M.V. 
Publishers. The Hague; 5. Reports of Na¬ 
tional Commission on Agriculture, Govern¬ 
ment of India, New Delhi, 1971. 1976. 


forexts for fuel 

Blueprint for 

Energy 

Plantations 

K. Gurumurti 
D. P. Ratu ri 


M ost people think of a power 
station as something that gob¬ 
bles up tonnes of coal daily and 
transmits power to a city of millions 
or to an area several square millions 
in extent. But bigness is not all. It is 
possible to have mini-power stations 
serving a group of 10 to 15 villages 
and using renewable sources of 
energy like fuelwood. The land 
requirements for raising the fuel- 
wood trees will be modest, because 
the power requirement will be of the 
order of a few kilowatts rather than 
megawatts. 

In the Philippines and Hawaii, 
companies arc planting Leucaena 
(Subabul) as a fuel for their power 
plants, and next year, the national 
electrification company of the 
Philippines plans to establish 12,000 
hectares of the tree to power a 
three-megawatt generating facility. 
A Japanese company in the same 
country is planting 5,000 hectares of 
Leucaena for conversion to char¬ 
coal to fuel a steel foundry. 

Unit powgr generation structuree 

For power generation on a decen¬ 
tralised basis, using energy plan¬ 
tations, it is necessary to estimate the 
size of the unit group of villages for 
which one power generation struc- 
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ture has to be created. Let us assume, 
a unit consists of 3,00Q families dis¬ 
tributed over 10 to 15 villages. The 
power requirement per family per 
day for lighting and domestic work is 
about 2 kilowatt hours (kWh). Thus, 
the total requirement for lighting and 
domestic work alone would be o,000 
kWh per day. Approximately, an 
additional 14,000 kWh per day 
would be required for energising the 
water-pumps for agriculture and for 
small-scale industries situated in this 
group of villages. Thus, a power- 
generating plant should be capable of 
generating 20,000 kWh per day for a 
group of 10 to 15 villages. 

How much wood is required? 

Air-dry wood having 10 to 15 per 
cent moisture has a calorific value of 
not less than 3,700 k. cal per kilo¬ 
gram. Therefore, one ton of wood 
has a calorific value of 1 x 1 ,(XK) x 
3,700 = 37 X l(r k. cal. Wood-fuel 
thermal generators have a conver¬ 
sion efficiency of about 35 per cent. 
Even assuming a 30 per cent efficien¬ 
cy of conversion, this works out to 
0.3 X 37 X 10' or 11.1 x 10' k. cal 
per ton of wood. Now, one k. cal is 
equal to 1.163 x 10' kWh. There¬ 
fore, 11.1 X 10'k. cal = 1,290 kWh.. 
Assuming the power plant works at 
85 per cent overall efficiency (the 
transmission losses are expected to 
be low in a decentralised power 
generation system) one tonne of 
wood can be converted into 1,290 x 
0.85 = 1,1(K) kWh. Therefore, to 
generate 20,0(X) kWh of electricity 
per day. for our unit group, about 18 
tonnes of air-dry wood would be 
required daily. 

Cholee of apecioB 

The choice of species is vital in the 
success of energy plantations. There 
are two basic requirements for a 


species to be used for energy plan¬ 
tations, namely, its suitability to the 
site and fast growth—so that it can be 
harvested on a short rotation of not 
more than four years, if not earlier. 
The other requirements of the 
species would include its ability to 

f ierminate quickly, to propagate 
rom branch cuttings quickly and to 
re-sprout vigorously (coppicing abil¬ 
ity) when the main stem is harvested. 
Data on various species of trees pre¬ 
sently used as fuel in different zones 
of our country, such as yield and abil¬ 
ity to propagate from stem cuttings, 
reproductive capacity are available; 
these data can serve as pointers for 
selecting suitable species. In no case, 
however, has data been obtained for 
energy plantations. 

C. V. Seshadri, C. Venkataramani 
and V. Vasant of the A. M. M. 
Murugappa Chettiar Research Cen¬ 
tre, Madras, have shown that 
.Casuarina equisetifolia plants are 
capable of yielding up to 250 tonnes 
of dry wood per hectare in four years 
when 10,000 plants are planted in 
one hectare. In Dandcli, Karnataka, 
yields as high as 75 tonnes of stalk 
per hectare per year (air-dry with 10 
per cent moisture) have been 
obtained with Sesbania sesban raised 
at 30 cm x 30 cm spacing under 
irrigated conditions. A number of 
leguminous plants like Leucaena 
leucocephala (Ipil-lpil or Subabul) 
(see article on p. 51), Sesbania gran- 
diflora (commonly known as Basna 
in Hindi and Agathi in Tamil) arc 
capable of producing very high 
yields. Eucalyptus trees with mod¬ 
ified silvicultural practices are also a 
good choice for energy plantations 
because they grow rapidly and re¬ 
sprout vigorously from cut stumps 
after harvest. The fast-growing legu¬ 
minous plants are ideal, for they fix 
atmospheric nitrogen by means of 
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their root nodules, thus improving 
soil fertility. 

Design and operation 

As already estimated, 18 tonnes of 
air-dry wood would be required 
every day to generate 20,000 kWh of 
electricity daily for a group of 10 to 
15 villages, consisting of a total of 
3,000 families. Hence, the wood 
requirement for the whole year 
would be 18 X 365 or 6,570 tonnes. 

The seasonal energy requirements 
lor different activities like irrigation 
and small-scale industries arc dif¬ 
ferent. Thus, in hot summer con¬ 
ditions the energy required for 
pumping water may be high and dur¬ 
ing rainy seasons it may be low. So, 
depending on the energy require¬ 
ment, it may be necessary to burn 
more or less wood than the average 
of 18 tonnes per day. Hence, suf¬ 
ficient stock of wood should be avail¬ 
able for power generation. Further, 
plantation operations can only be 
successfully carried out during cer¬ 
tain seasons like the monsoon. Also, 
after harvest, sufficient time is 
required to prepare the plots for sub¬ 
sequent rotation of planting. It is also 
necessary to define a minimum area 
from which the required biomass 
would be produced for uninterrupted 
power generation. Taking all these 
aspects into account, the following 
design and operation of energy plan¬ 
tation is proposed. 

A minimum area of 145 hectares 
would be necessary. Of this, 137.5 
hectares would be divided into 5 
blocks of 27.5 hectares each and the 
remaining 7.5 hectares would be 
occupied by a network of road sur¬ 
faces inside the plantations for mobil¬ 
ity of harvesting and transporting 
t^quipment. Storage facility for har¬ 
vested wood would also be con- 
'^tructed within this area. In the first 
year, from June to September, the 
hrsi block of 27.5 hectares would be 
planted with species like Casuarina 
or Sesbania or Eucalyptus or 
^'opulus, depending upon the region. 


All these plants arc capable of yield¬ 
ing 250 tonnes of dry wood per hec¬ 
tare in four years. Planting would be 
done at the rate of 15,000 plants per 
hectare. Assuming a mortality rate of 
33 per cent, 10,000 plants per hec¬ 
tare would survive, giving the re¬ 
quired yield. 

Likewise, the second, third, fourth 
and fifth blocks of 27.5 hectares each 
would be planted in successive years. 
When the plantings are completed in 
the fifth block, the first block of 27.5 
hectares would be four years old and 
ready for harvest. The wood avail¬ 
able in this block would be (250 x 
27.5) or 6,875 tonnes, which could be 
harvested and stored by the end of 
the fifth year. The wood requirement 
for a whole year, as worked out 
above, is 6,570 tonnes. So, from the 
beginning of the sixth year, elec¬ 
tricity generation can start using this 
wood fuel. After the harvest of the 
first block, sufficient time would also 
be available for nrepuraiion of this 
block lor the ensuing planting sea¬ 
son. By the end of the next year, the 
second block would have put in four 
years of growth, which would be har¬ 
vested and used for power gen¬ 
eration in the subsequent year. 

Thus, from the time the energy 
plantation operation begins in the 
first block, there would be a lag of 
five years before power generation 
can actually start. After this, how¬ 
ever, the cycle of planting and har¬ 
vesting would continue regularly, 
making it possible to obtain 6,875 
tonnes of wood every year from a 
27.5 hectare plot in a cyclic manner. 
This management technique also 
allows sufficient time for harvesting 
and subsequent preparation of plots 
for planting without cau.sing any time 
lag. In this method it is also possible 
to generate electricity during dif¬ 
ferent seasons as required. 

The ash from the fuel-using facility 
would be transported back to the 
plantation and spread over the soil. It 
would thus serve as a fertiliser. The 


iis^ Of fasligrowiAg leguminous plants 
would further improve the nitrogen 
content of the soil. 

Power generation plants are pre¬ 
sently designed for large-scale power 
generation. However, the scaled- 
down version of these units with suit¬ 
able modifications could be easily 
installed, which may use 18 tonnes of 
wood at 30 per cent efficiency for the 
generation of 20,000 kilowatt hours 
of electricity daily. A recent and most 
exciting development in this area is 
the invention of the world's first 
commercial fluidised-bed com¬ 
bustion boiler by Michael Pope, a 55- 
year-old consulting engineer of New 
York city. This small experimental 
power plant is undergoing trials in 
Rivesvill (Virginia) in the USA. 
According to Amory B. Lovins, a 
British physicist and energy planner, 
this fluidised-bed system is capable 
of burning any combustible material 
The scaled-down version of this sys¬ 
tem can function as a tiny power 
house. Lovins further suggests that 
this system could be modified to 
recover combustion heat with an 
efficiency of 80 per cent. 

The use of fast-growing legumin¬ 
ous plants like Sesbania in these 
energy plantations has further 
advantages. The leaves of these 
plants have over 25 per cent crude 
protein. Therefore, the proteins from 
the leaves of these energy plantations 
can be extracted, processed suitably 
and marketed, preferably in the vil¬ 
lages. 

Technologically, these energy 
plantations use only renewable 
resources for harnessing energy in 
usable forms. Such energy -plan¬ 
tations, apart from mitigating the 
energy crisis, would create many jobs 
for the local population. Ecologically 
and sociologically, they arc much 
sounder investments. Afforestation 
and harvesting in a systematic man¬ 
ner will lead to long-term benefits by 
way of soil and moisture con¬ 
servation. Energy plantations, thus, 
have a definite edge over other 
energy sources in a decentralised, 
rural-nascd economy where capital 
investment per work place needs to 
be low and land utilisation for trad¬ 
itional skills needs to be high. 


Mr. Raturi is Research Assistant at 
Forest Research Institute and 
Dehra Dun. and works on plant 
tion and energy plantations 
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[SOCIAL FORESTRY- 

the second 
Green Revolution 

L L Relwani 
D. V. Rangnekar 

: In the new forestry—Social Forestry—not merely foresters and the 
governmental machinery, but the entire people will also have to be 
Involved 


C ROWDS of men, women and | 
children bearing axes and con- | 
verging upon a Reserve Forest and 1 
backing away at every tree in sight to ^ 
get enough fuel for the day's cook- ^ 
mg. Impossible! you might say. Yet 
this will be a commonplace sight in a 
couple of decades if we don't take 
steps right now to meet the growing 
gap between the supply and demand 
for cooking fuel, especially in the 
rural areas. For, rural electrification 
has proved a flop and up till 1979 
barely 50 per cent of India’s villages 
had been electrified. People arc 
heavily dependent upon kerosene 
and fuelwood. Even Reserve Forests 
are being stripped for fuelwood, thus 
reducing the forest cover of the land 
and leading eventually to soil erosion 
and floods. 

What is needed is a totally new 
approach to forestry, in which the 
forest official is not merely con¬ 
cerned with projecting the existing 
forests but also with planting more 
trees on every available bit of land to 
meet the hunger for fuel. In this new 
approach—Social Forestry—not 
merely the officials and the gov¬ 
ernmental machinery but the whole 
populace is involved. In fact, tree 
plantation will have to be the second 
Green Revolution. 

There is enough land available to 
plant trees, not only for energy but 
also for limber, pulp and other in¬ 
dustrial uses. Trees incidentally, 
beautify drab surrou/iUings and pro¬ 
vide shade to the travellers The 
suitable areas have to be identilied, 
the most suitable species planted, the 
saplings protected from man and 
animals during growth and harvested 
at the right stages of maturity, the 
produce shared with the people and 
corrupt officials and contractors eli¬ 
minated. 



Anogeissus latifolia (dhausa) is common io 
most of the dry, deciduous forests of India. 
The purplish-brown wood is harvested 
from natural stands near urban areas and 
sold as firewood. Besides fuelwood, the 
wood is much used for the shafts and axles 
of carts—hence known as the axlewood 
tree 

Neem 

The three most popular trees that 
can be grown practically throughout 
India are neem {Azadirachta inaica), 
(family Meliaceac), eucalyptus, 
popularly called Nilgiri (famil> ^^>T- 
taceac) and vSu(Ku) babul or 
Leucaena letu ocephala (family Legu- 
mjnosae: Mimosoideae). These, 


Neem has many uses besides fuel. 
Its wood is resistant to decay, the 
straight, strong poles are excellent 
for buildingconstruction and making 
furniture, trees provide shade 
and serve as wind-breaks and shel¬ 
ter belts, protecting cultivated land 
from wind erosion and evapo- 
transpiration. The oil extracted from 
the seed is used for lamps and as 
lubricant for machinery. Neem cake 
is an excellent fertiliser and simul¬ 
taneously acts as an insect repellent 
and systemic pesticide. The bark 
contains about 40 per cent tannin of 
superior quality. Neem oil is used in 
the preparation of soaps, disinfec¬ 
tants, pharmaceuticals and cosme¬ 
tics. The leaves can be used as 
emergency fodder. 

Eucalyptus is good as firewood, 
charcoal, timber and a source of 
paper pulp. It is used for building 
construction, fence posts and stakes. 
It makes a good wind-break, shelter 
belt and also serves as a source of 
honey nectar for honey bees. The 
lemon-scented oil is rich in citronel- 
la, used in the perfume industry. 

Subabul 

Subabul (see also p. 51) provides 
protein-rich, nutritious and palatable 
green fodder for the cattle. Once 
established, it can yield 70 to KKi 
tonnes per hectare under irrigated 
conditions in eight or nine cuttings 
per year for more than 154o 20 years. 
The varieties most suited for fodder 
production are Cunningham, Peru 
and K-8. The Hawaiian types are 
low-yielding and are best suited to 
arid and semi-arid conditions. The 
fuelwood of Hawaiian Giants (Salva¬ 
dor types) arboreal varieties K-8, 
K-28 and K-67 have an average 
density of 0.54 and a calorific value of 
about 4,300 kifo calories per kg of 
oven-dry wood. The value for 
Hawaiian types is a little higher— 
,4,660 kilo calories. Its density is 0.70; 
it is, therefore, superior to the Salva¬ 
dor types ill heating value. But the 
totaC biomass per hectare is much 
less than that of the Giant varieties 
which are classified as medium-hard 
woods. The trees can be coppiced 
every three to five years, depending 

K n soil and moisture conditions. 

annual growth reported from the 
Salvador types varies from 24 cu m to 
l(X) cu m, but is usually 30 cu m to 40 
cu m per hectare. The trees coppice 
vigorously in cycles of five to six 
years, and are known to stand more 
than 50 years. 

Subabul wood is used for floor 
joists, girders, rafters, sheds and 
household furniture. For timber pur- 




other industrial products. 

The pulp yield is about SO per cent. 
The bark is thin and constitutes only 
eight per cent of the total wood. The 
lej^th of the fibre is about 1.20 mm, 
width 0.025 mm, lumen (the space 
within the cell) width 0.015 mm and 
the cell-wall thickness 0.(X)5 mm. 
Leucaena wood fibre is shorter than 
that of pine wood; compared to coni¬ 
fer pulp, it has low tearing strength, 
low folding endurance and average 
tensile strength. Kraft pulp is suited 
for printing and writing but not for 
high-strength bag and wrapping pap- 


ing toif "to ten yc*». 

Charobai from Hawaiian type Sub- 
abul has a heating value or about 
7,000 kilo calories per kg, which is 70 
per cent of the heating value of fuel 
oil. Hie Salvador types may have a 
lower heating value than the 
Hawaiian type. The wood can be 
used to fuel electricity generators, 
rail and road locomotives, dryers for 
fish, tobacco, grain and other agricul¬ 
tural products, tin smellers, brick 
and charcoal kilns, saw mills and for 
generating steam. Charcoal can be 
used to produce calcium carbide, pig 


Land for social forestry 

SOCIAL FORHSTRY involves planting 
treason lands outside the reserve and 
protected forests. Such lands are: (a) 
Degraded forest lands, (b) Waste lands, 
(c) Community, Panchayat and com¬ 
mon lands, (d) Road-sides, canal banks 
and railway lines and (c) Private lands. 

Degraded forest lands: These arc the 
result of high population pressure, both 
human and animal. There ha.s lieen n 
wanton destruction of trees for fuel and 
timber, and heavy browsing by animals. 
With the con,struction of dams, hydro¬ 
electric works, canals, roads, railways, 
industrial installations and town.ships, 
etc much forested land has had to be 
cleared.,#The displaced persons from 
such areas were settled by cutting down 
more forests. As they felled trees for 
fuel and fodder, in course of time^ 
the soil of the lands thus exposed has 
been eroded by rains and high winds; 
such lands have become barren. In 
ureas with rainfall exceeding 100 mm 
per year, Subahul can be planted as the 
main species. 

If the soil is deficient in elements like 
phosphorous, calcium, potassium, sul¬ 
phur. rinc, boron, iron and molybde¬ 
num, this should first be corrected by 
applying micro-nutrients, Small tanks 
can be built to store rain water, which 
can be recycled to accelerate the growth 
rate of the plants. People in the neigh¬ 
bourhood should be employed for up¬ 
rooting wiki bushes and weeds, field 
preparation, dijiging of trenches and 
pits, raising nurseries, transplanting 
and manuring in the field. 

If Hie exp«|nditure involved is heavy 
and j^btic funds become a limUmg 
factor, ioime of the areas can be ,farmed 
out to jt^ntrepreoeurs 6r corporate 
bodies* Weferebly tp groups of enthu- 
siastie graduates of agriculture 
andengii^ring on long-term lease at 
^'onces^pi^I rates. The ^m industry 
for extraction right, 
from tiie pCfond year of 5kibubul plant- 
"ig PItos from 

‘iceds fa^ii^ on the ground wjrtl yi^ld 
proteio^lich foditar in five to six 


months. Thus, Subabul growing can 
become a labour-intensive activity 
which will directly benefit the people 
living in the vicinity of the forest. 

The other important popular trees in 
north India, apart from Neem and 
Eucalyptus which can be grown with 
Subabul are Acacia nilotica (Babul), A, 
catechu (Khair), Dulbergia sissoo 
(Shisham). Zizyphus mauritiana (Ber),. 
Alhizzia Ithhek (Siras), Alhizzia pro- 
cera (Safed Siras), Prosopis jutiflora 
(Vilayati Babul) and Madhuca la^oila 
(Mahuwa). Subabul is not suited to arid 
conditions except in low-lying areas 
with higher moisture content. 

In the southern plateau it can be 
associated with Acacia nilotica, A. 
catechu, Casuarim equisetifvlm. Dal 
bergia sissoo, GUricidia maculata, 
Gmelina arboreu, Pithecolobium 
duke, Tantarindus indica (tmrli) and 
Hardwkkia binatu (Anjan)^ and in the 
eastern states with Gmelina arbotta, 
Moringa aleifera, Alhizzia lebbek, A. 
proccra, A. chinensis etc. 

Waste lands: Waste lands are very 
extensive: they remain unproductive 
and deserted. Subabul is tolerant of 
saline alkali conditions. Hence, it could 
be introduced successfully in some of 
the saline-alkaline soils, ravine lands, 
lateritic soils, coastal areas« grasslands 
and shallow black soils. At the Nano- 
dara Station of the Bharatiya Agto- 
Industries Foundation, about 65 km 
from Ahmedabad, Subabul has been 
successfully estaUisbed on 40 hectares 
of sandy saline soil where the well water 
has a salt content exceeding 3,O0U ppm. 

It is very important that such areits be 
kept well drained, as Subabul does not 
tolerate water-logging, tf there is any pan 
formation, it should be broken up biy 
dee^ ploughing to facilitate leaching of 
sales, in the monsuon seai^. The other 
trees tolerant of saline conditions are 
Acacia nilotica. Alhizzia procera, AZj 
adimehm indka, Prt^opis jutiflprsii.; ,, 
Por^&ma plnndta, 
and Eiica/ypmx'^p ‘ 

Ravine,lands 

For the ravlte lands, the 


long-fibre pulps for printing und writ¬ 
ing paper. The dissolvingjpulp can be v 
usea for production or rayon or ^ 
cellophane. The wood from a 
month old stand was tested for puipV.^' 
at the Mysore Paper Mills Ltd, Shir 
moga (Karnataka). The unbleached I 
pulp yield was 42 to 45 per cent. 

Subabul is an excellent organicf| 
manure, as the shoots, abouF i 
1 ^/i m long, can be cut and buried i 
into the soil to improve the fertility of ;S: 
the land. Fertiliser prices are rising'V 
every year and their use is declining'^! 
particularly with small and marginal 


suited are Aibizzkt lebbel^'‘AditflM "[ 
catechu. Acacia nilotica, 7 

ceisa,T)alber^ stssoo,' Euatfypftm^’^m^ 
Subabul will also be found to grlyw^Ml .: 
as it has a deep tap root systcn|f^.)WliiW ' 
can penetrate through such t 3 g^ 

Subabul can be easily 
coastal areas along with ^ 

equhetifolia, Pofigamia glcdzra 
sopis juliflora. Eucalyptus teretktpfttikj 
Acacia auHculiformis and Agave alsoaie^ 
promising species for such soil^,, ^ 

regards afforestation of grasslandsvilm 
abul is the ideal plant as it 
easily establish itself and later dtt tij^ ' 
its seeds in the surrouadhig 
thereby increasing the fertility.anile^ 
rying capacity of coarse and 
gras.slands. The shallow, black 
soils are other areas whk^ 
support much vegetation in the DebM - 
plateau. Wherever the rainfall is 
ate, Subabul seedlings can be '«ii^ 
established in pits or trenches. 
nilottca, A. catechu, A. i^acapheaf tM 
modesta, Prosopu pdiflora, Eucafgjfl^ 
tereticornis,Madhuca latifoUd, and 
azadirachta have also been tbi^^ ' 
successful.' 

In community, panchayat and Gnii|| 
mon lands, afforesURion is 
problem of managemcht add tumUn 
among the collective owners 
lands, rather than of technki^T^P 
volved in raising the trees. 
such circumstances, strong tcaidenUbM 
and motivation are necessary to melp 
the project successful. 
the village panchayat may receive'^s^^ 
sidies and loans on easy terms froni 
government, and unddrtidie the.pla^^ 
ing and protc^ction of trees. The 
gers may be given the iuel 
coneessibnairatps 
and the r^t of the 

'market ns 'compedti^ ^ 

being very fast giowipgurill be 
cutting earlier than most ol the 
mentioned earlier in the w 

■^climatic- An^it. • .,5. 

■^.v v’’-'. "■'> L L 
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Itihiiera. A small ansa under Subabul 
Infill provide cheap organic manure to 
build up the fertility of the land. 
These uses apart, Subabul can be 
used as a wind-break, shelter-belt 
and a shade plant. As it remains 
ever-green, it can also be used as a 
fire-break in the forest, to check the 
spread of forest tires. It is by far the 
best plant available for rehabilitating 
eroded steep hill slopes and barren, 
marginal and sub-marginal soils. It 
can suppress the worst type of weeds, 
including Parthenium (popularly cal¬ 
led the congress or carrot grass) 
Lantana and /mperata. 

Subabul is used as food in Central 
America and Indonesia. Young 
leaves and small pods are eaten raw 
or cooked in soups, tacos, etc. Ma¬ 
ture seeds are roasted, and young dry 
seeds are popped. It should not be 
eaten too frequently and should be 
cooked in iron vessels to detoxify the 
toxic chemical mimosine, contained 
in the leaves, which causes loss of 
hair if consumed. As a cottage 
industry, the seeds can be boiled with 
hot water to extract gum which re¬ 
sembles guar gum, carob bean gum, 
or gum arabic. Dyes can be extracted 
from Subabul for dyeing wool and 
cotton cloth. On boiling with water, 
the young pods produce red pigments 
and old pods, varying shades of 
brown. 

Finally, with its cascades of emer¬ 
ald leaves and fragrant flowers, it is 
used as an ornamental tree. 

Choice of trees 

The decision on the type of trees to 
be planted will depend upon the size 
and quality of the land and the 
pressing needs of the villagers. Aca¬ 
cia species, Neera, Eucalyptus, 
Albizzias, Sissoo and Subabul will be 
the choice in most places, for diffe¬ 
rent purposes. In other situations, 
the choice may be Casuarina, Glirici- 
dia, Pongamia, Bamboo and Sesha-- 
fita grandiflora. A few trees of 
tamarind, jamun, sitaphal, mango*, 
amla, chickoo, ber, jackfruit and 
pomegranate may be added to meet 
the requirements of the village. The 
management of different types of 
trees will require expert knowledge, 
the care and other practices involved 
in raising such a “tree mix''. The 
extension wing of the Forest Depart¬ 
ment is generally quite helpful in 
supplying the knowhow. In some 
cases, there may be preference for 
fuel and fodder of only a few .selected 
species to which the farmers are well 
accustomed. It is therefore necessary 
to streamline and finalise all details 
before embarking on such a venture. 
Afforestation of these lands is a real 
challenge and the experts in the 
Social Forestry Division will have to 


exert themselves in meking ii a suc¬ 
cess. 

Planting of trees and their mainte¬ 
nance on the road sides, railway 
lines, canal banks, lakes, etc will be 
chiefly the responsibiliw of the State 
Governments or the District Local 
Boards. There is enough experience 
of handling such projects in the past. 
Even today one can see very good 
stands of some trees, planted more 
than KX) to 150 years back, beautify¬ 
ing the landscape and providing 
shade to the travellers. Trees are also 
useful as wind-breaks and shelter 
belts, preventing excessive loss of 
moisture bv evapo-tran^iration 
from the fields and crops. They cut 
off the noise of locomotives and 
other vehicles and, absorb dust. 

As more and more roads, railway 
lines and canals continue to be built, 
plans should include sufficiently large 
strips of land for five or six rows of 
trees on either side of them. The 
first rows will include plants of aes¬ 
thetic importance, shade, edible 
fruits, seeds ot economic value and 
timber such as sissoo, neem, gulmo- 
har. Eucalyptus, Jamun, Mango. 
Tamarind, Siras, Rain-tree, Karan], 
Mahuwa, Banyan and Pipal trees 
Only a single type of tree should be 
grown for a few kilometres, then 
another type in a similar manner. 
Growing many types together, one 
after the other, will become monoto¬ 
nous and lose its aesthetic value. The 
distance between plants may be kept 
four to five metres, depending upon 
the species. The consecutive rows 
should be three metres apart and 
may be planted with Subabul, Siras. 
Teak, Khair, Babul, Casuarina, Aca¬ 
cia auriculiformis and Bamboos. 

Quite often, the roads are widened 
too frequently to meet the demand of 
growing heavy traffic. Hence, several 
rows of trees should be planted; if 
only two or three rows are planted on 
cither side, they will be pulled down 
and nothing will be left. 

Some of the lands with private 
farmers may not oe fertile enough 
to support agricultural crops. Else¬ 
where, irrigation facilities may be 
absent or inadequate. Such type of 
lands can be put to forestry. The 
trees selected should be drought- 
tolerant like the Acacia species, 
along with fast-growing Subabul and 
a few fruit trees. They will be more 
remunerative and will survive the 
aberrations of weather much better 
than the grain or cash crops, which 
receive a very severe setback from 
prolonged drought during the critical 
stages of growth. Trees, on the other 
hand, have the capacity to absorb 
such shocks without much damage. 
Alternatively, the growing of food 
and cash crops may be combined 


iNdtb id it systefkif tiflledi 
foi'estry’*. Similarly, poor pasture 
lands should be partiall]^ covered 
with trees to supply fuel, timber and 
grass in the silvopasiora) system. In 
both systems, the trees will provide 
the necessa^ shade and reduce the 
water requirements of crops and 
grasses and save them from total loss 
during drought. 

Finally, since the population press¬ 
ure will continue, the demand for 
fuel-wood will keep increasing. Its 
price will rise beyond the puchasing 
power of the rural poor. This makes 
It imperative for private farmers to 
grow suitable species of fuelwood on 
the boundaries of their lands and also 
on some of the field bunds. The tree 
lines should be widely spaced so as 
not to shade the agricultural crops 
excessively. 

As part'of the tree planting effort, 
the beautification of towns and cities 
should also receive greater import¬ 
ance. Trees like Bauhinia variegata, 
B. purpurea, Cassia fistula, C. margi- 
nata, C. javanica, C. nodosa, Lager- 
stroemia flosreginae, Peltophorum 
ferrugineum, Pithecolobium saman, 
Butea frondosa, Erythrina indica, 
Jacaranda mimosaefolia, Delonix re¬ 
gia, etc are a feast for the eye. 7'hcse 
trees should be planted on roads, 
avenues ot bungalows, offices, 
schools, colleges, hospitals, places of 
worship, in the parks, around wells, 
tanks, ponds, bus stands, and near 
railway stations. 
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Agricultural Research 
Institute, New Delhi, 
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Subabnl — 
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L. L. Reiwani 

... Moro rowardinQ than any othor crop—othar things baing acjual 


I N RECENT years, Subabul, an 
evergreen leguminous shrub orig¬ 
inally grown by the Maya and 
Zapotec tribes in Mexico thousands 
of years ago, has been hailed as the 
“miracle”, “wonder” or “divine” 
plant and the “plant of hope”. A 
superlative fuel wood tree, it can be 
ut to multiple uses; it can aive 
igh-protein fodder, fuel, timber, 
organic manure, and provide shade 
in cacao, quinine, coffee, tea, vanilla 
and other plantations. It has a high 
rate of growth, the Salvador or Giant 
varieties growing five to seven 
metres in height and four to five cen¬ 
timetres in diameter at breast height in 
a year. More importantly, trials at the 
Bharatiya Agro-Industries Foun¬ 
dation (BAIF), U.ruli Kanchan (near 
Pune in Maharashtra State), show 
that it can be grown on wasteland 
and yields higher returns, without 
much managerial skill, than any 
other cropping system involving 
agricultural or horticultural crops 
under similar conditions. 

Subabul (Leucaena leucocephala) 
is a thornless, perennial shrub with 
feathery leaves, small, powder puff¬ 
like fluffy flowers and bunches of 
long, greenish pods which turn 
brown on maturity. Its aggressive 
lap-root systempenetrates even hard 
rock. It fixes S0(j to 550 kg of atmos¬ 
pheric nitrogen per hectare per year 
and improves the fertility of barren 
land. It can act as a wind-break, a 
shelter belt, an ornamental tree and 
as fire retardant in a forest because of 
its evergreen nature. The vigorous 
tree of the ancient Mexican tribes has 
now spread to a number of countries. 
Called *ipil-ipir in the Philippines, 
‘camtoro’ in Indonesia, ‘koa-hoale’ 
in Hawaii, horse tamarind in 
Australia, it is commonly known as 
ku-babul in India. In view of its uses, 
however, the second National Semi¬ 
nar on Ku-babul held at Uruli- 
Kanchan from 26 to 27 June 1981 
resolved to change the name from K'u 
(bad)-babul to Su(good)-babul. 

The plant grows best in places 
where the rainfall ranges from 750 
to 2000 mm, especially from June to 
November. If protective irrigations 
can be provided once in four to six 
weeks, it can grow from Kanya 
Kumari to the frost-free foot-hills of 
the Himalayas up to a latitude of 32^ 
to 33*^ Norm., The optimal altitude is 
frop sea level to 500 metres, 

A \.. 


although there is no appreciable loss 
in growth up to an altitude of 800 
metres in the tropics. Beyond this 



Two-month old Subabul seedling ready for 
transplanting in the field 


elevation, it will lose its vigoui 
gradually up to 1300 metres and 
thereafter cease to grow,’ due to 
severe cold and lack of sunlight for 
photosynthesis in the winter season. 

It thrives best on a loamy and fer¬ 
tile soil rich in phosphorus and cal¬ 
cium and micronutrients like zinc, 
iron and molybdenum. Acid soils 
should be limed to pH 6.5 and sodic 
soils beyond 8.5 with gypsum. 
With good distribution of rain, Su- 
- ^ ---- ■ . 


babul can be established even, on!' 
steep hillslopes and jnar|inn}.« 
gravelly, sandy and saline IMdi.^| 
Only acidic and water-logged soils 
detrimental to its genmnation aw^ 
growth. J 

On fairly level land with a sdil)^ 
depth of SO to 60 cm, seeds may bd ’l 
drilled directly in furrows two metres 
apart. Spacing of seedlings may Iatei:;:,S 
he thinned to 25 to 30 cm within the.^ 
rows. Alternatively,'pits 30 cm oni 'I 
each side (1ft x ift x ift) are dug.<| 
about one month before the mon-..'^| 
soons. They may be spaced Im x Im i| 
or 2m x Vim. In less fertile soils and 3 
lower rainfall areas, the spacing can ■! 
be increased to 2m x I m or 3m X, ,/^ 
Im. In pasture lands, the spacing ■'•■i 
may be as vyidc as 3m x 3m to 4m X - S 
4m to provide shade preventing ex* ''^ 
ccssive loss of soil moisture by evapo- 
transpiration. In hilly areas, stag- ;i 
gered trenches may be dug along the ^ 
contours two to three metres apart 
and seedlings spaced at Im to 1.5m, J 
depending upon moisture conditions. J 

Before sowing the seeds either > 4 
directly m the field or in polythene 'fj 
bags in the nursery, they should be i 
dipped in hot water at 80®C for five ? 
minutes and further put in wet gunnv 
bags for 12 to 24 hours to soften the i 
coat tor easy germination. After dry- 
mg for one hour they should be •) 
^ '■hizobium bacteria ■ i 
NGR8 lor neutral and alkaline soils ' 
and CB 81 for acid soils. At the BAIF, 
Uruli Kanchan, the mixture of both 
the cultures has shown better growth ^ 
rates for .soils with apH range of 7.5 to ^ 
8 . 0 . 


The trees will be ready for haiVcst 
after three to five years, depending 
upon the environmental conditions. 
The growth rates of K-8 Hawaiian 
Giant, observed at the BAIF, Uruli 
Kanchan (rocky murum soil, 5 cm / 
depth, 400 mm rainfall, 560 m 
altitude and 18.5^N latitude) are as 
follows: 

Under irrigation: Two-month old 
seedlings raised in polythene bags fJ 
were transplanted at a spacement of ' 
Im X Im on 9 September, 1976. In 2 
years the trees averaged a height of 
9.5 metres and diameter at breast 
height (DBH) of 6.0 cm (18.84 cm 
girth), and 10.5 m height and 8.0 cm 
DBH (25.12 cm girth) in 3'/2 years. At 
this stage, alternate rows were har¬ 
vested and allowed to coppice. With 
the increased spacing, the remaining 
trees showed rapid growth rates and 
reached 13.50 m height and 12.37 cm 
DBH (38.84 cm girth) in 4 years 2^/2 
months. The rate slowed down again 
when the coppiced plants grew from ' 
the base. The coppiced plants 
attained 4.55 m heichl and 2.67 cm 
DBH (8.38 cm girth) in 9 months, and 
5.77 m heijfht and 3.14 cm DBH (9.86 
cm girth) in 14*/i months. 





^iild 2.o7 cm DBH (8.38 cm 
l^girthj in 9 months, and S.77 m height 
I and i.l4 cm DBH (9.86 cm girth) in 
t'14V2 months. 

Avenue trees spaced 4 m x 2 m had 
} a height of 13.40 m, 21.10 cm DBH 
5 and 66.25 cm girth after 4 years anu 3 
months. Trees grown by direct sow- 
’^ing of seeds attained^ 12.88 m 
f! height, 12.66 cm DBH and 39.75 cm 
' girth in four years. 

, In all the three instances, four 
irrigations were given once every six 
A weeks from Novcmber-end to May- 
t end. 

Under fain-fed conditions: Two- 
month old seedlings transplanted on 
B July 1977, without any land pre¬ 
paration, with a spacing of 3m x Im, 
attained a height of 1 0. 18m and a dbh 
: of 9.87 cm (30.99 cm girth) in 3 years 
11 months. There was a considerable 
> fall of dried leaves in the summer 
^^season, particularly on the periphery 
of the forest. Fresh growth re- 
;; iUppeared with the first showers of rain 
and the vigour was maintained till the 
: and of the spring season. 

From the four examples, it may be 
. concluded that Subabul can be grown 
even with meagre rainfall. The 
. growth rates can be accelerated by a 
few irrigations in the summer season. 
Wider spacings help in increasing the 
diameter of the trees rather than 
their heights. 

Economics of fuel production 

From the experience gained, it has 
become evident that assured returns 
from Subabul are possible with 
increasing rainfall from 700 mm to 
1250 mm and above on neutral to 
alkaline soils with a depth of SO to 60 


cm. Yield of wood, after drying for 
one month to 30 per cent moisture, 
can easily reach 40, 80 and 120 
tonnes for zones having rainfall of 
700 mm, 1000 mm and 1250 mm per 
annum, respectively, in a cycle of rive 
years. By providing an irrigation 
every six weeks, the yields can be 
raised to 150 tonnes per hectare in a 
cycle of three years. With timely 


irrigation in summer,, the trees will 
maintain vigour all through the year 
in the tropics without any setback 
and fall of leaves. 

The estimated economics of plant¬ 
ing lor these four situations are given 
in Tabic 1. There is a likelihood of a 
slump in the price of seed, unless a 
large-scale programme is taken up 
throughout the country and the 



industry cdttie^ forWard to extraict I 
gum from seeds which has a great I 
potential for home consumption and 
export. The seeds contain about 27 
per cent gum. The current price of 
certified seeds of K-8 variety is 
around Rs. 50 per ka and much 
higher when imported n’om outside. 
The prices of seeds and wood are 
expected to rise 4 to 5 per cent every 
year. So will the wages of labourers. 
Since the balance will always be in 
favour of output rather than input, 
net profits are expected to rise with 
each cycle. 

I’he net profits from Subabul cul¬ 
tivation, without much managerial 
skills, are higher than in any other 
cropping system involving agricul¬ 
tural or horiicultural crops under 
similar agro-climalic conditions. 
Vast stretches of lands lying waste 
and barren can be quickly afforested 
to yield profits and to change the 
ecosystem within three years from 
one of dreary desolation to that of 
lush, green nourishing forests, as 
demonstrated at Uruli Kanchan. 

Subabul wood for making pulp 

Subabul is a medium-hard 
wood and is easily converted 
into pulp and paper. One 
tonne of pulp requires 2.3 
tonnes of air-dry wood (6 per 
anl moisture). One hectare of Su¬ 
babul will produce alx)ut 100 tonnes 
oi such wood in three years with four 
Of five protective irrigations in the 
summer season, or 33 tonnes per 
year. Allowing for 12 per cent bark 
:ind 8 per cent lops and tops, 26.4 
tonnes of air-dry wood or 11 tonnes 
ol pulp can be obtained per year, 
lliiis, lor a factory handling 11 
tonnes of pulp per day, 365 hectares 
ol Subabul will be required per year, 

01 about 1,100 hectares ior a three- 
year cycle. 

From the same area a minimum of 
1,825 quintals of seed will be avail¬ 
able in the first year, 3,650 quintals 
in the second year and 5,475 quintals 
every year from the third year 
onwards. Even if only 20 per cent 
gum is extracted from the seed, 365 
M, 73(1 q and 1,095 q of gum will 
become available from the first, the 
second and the third year onwards, 
lespcctively. The residue left after 
gum extraction can be used as a 
protein-rich cattle feed component. 
Additional stocks of seeds can be 
purchased from the market where it 
'vill be freely available after three to 
lour years for increasing the output 
uf the processing unit. The small 
branches of trees can be used for fuel 
and the leaves converted into leaf 
meal (27 to 30 per cent protein) by 
drying in the sun for a few (lavs and 
converted into cattle feed. (See also 
article on p. 48 ) 
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THE PROBLEMS OF 


rUELWOOD POLICY! 

K. R. Datey 

. " { 

What are the constraints on fuelwood? How do we choose 
between the different uses of wood and other biomass? 


F ‘UELW00D as an energy 
source, especially for domestic 
and non-commcrcial fuel consump¬ 
tion, is an attractive propc)sition for 
more than one reason. Unlike coal 
and other fossil resources, it is re¬ 
newable. On the other hand, unlike 
other alternative energy resources 
like biogas, it is easy to store, pre¬ 
serve, handle, transport and can be 
suitably subdivided for decentralised 
marketing. Studies on various species 
(like Subabul, Eucalyptus, Casuari- 
na. etc) also indicate that it is possi¬ 
ble for fast-growing, short-rotation 
plantations to give good yields. Thus, 
the potential that fuelwood planta¬ 
tions hold is now fairly clearly estab¬ 
lished. It is now important to concen¬ 
trate on the problems which go into 
shaping a viaTle fuelwood policy. 

in the first place, present yield esti¬ 
mates suffer from a major limitation. 
The main factors influencing biomass 
yield are not sufficiently isolated. 
Nor IS a quantitative input-output 
analysis adequately worked out. This 
is important if the data arc to be used 
to estimate yields in highly dissimilar 
conditions. An example is the way 
studies deal with the question ol 
water. 

Biomass yield does not only de¬ 
pend on total rainfall, its distribution 
and the methods of soil water man¬ 
agement (type and number of irriga¬ 
tions, etc). It also depends on the 
moisture replenishment from irriga¬ 
tion or the subsoil. 'Fhis is because the 
key factor here is utilisahle moisture. 
Yield estimates will receive a lirni 
foundation when related to this fac¬ 
tor, and more importanily. can he 
much more easily extrapolated to 
dis-similar situations. I'hus, for ex¬ 
ample, areas where the subsoil holds 
much more water, even if the surface 
soil does not, will give much higher 
yields which cannot be extrapolated 
to truly arid conditions. 

In the same way, careful account¬ 
ing is necessary for available or utilis- 
able soil nutrients, natural organic 
matter, chemical fertilisers, available 
nitrogen for leguminous plants or 
green manure from leaves. All these 
are important'because a viable policy 
must finally be based on a cost- 


benefit analysis which also takes 
account of the trade-offs between the ; 
factors or their alternative uses, 
Leaves, for example, may be recy- - / 
cled as manure or sold as by-product. 
Most data currently reported do not 
have a satisfactory framework for ? 
cost-benefit analysis which isolates 
and incorporates the key factors 

Ihis affects the values on which 
projections are based. Most studies 
base their projections on yield esti- , ' 
mates of the order of 40 to 60 tonnes 
per hectare per year. This is some¬ 
what optimistic. Especially since 
most studies agree that fuelwood will 
have to be grown on land which has .• 
undergHine deforestation and fallen 
into disuse, arid and marginal land, 
wastelands, etc. Our estimates 
(ba.scd on a value of 0.2 to 0.3 tonnes 
per hectare per year per cm of utilis- 
able water for the less efficient plants 
like sorghum, and 0.3 to 0.5 for more 
efficient plants like sugarcane) sug¬ 
gest a yield of about 12 tonnes per 
hectare per year as a more realistic 
estimate in arid climates without 
irrigation. 

Estimated yields become a crucial 
factor in face of the trade-offs which a 
fuelwood policy involves under con¬ 
ditions of low' yield. Fuelwood repre¬ 
sents one among the alternative uses 
of biomass from non-agricultural 
lands; structural material (timber or 
bamboo), fibres, polymers (like rub¬ 
ber and other latex), feed stock for 
chemical production like furfural or 
pulp, fodder and food for animals are 
the alternative choices. Under condi¬ 
tions of low yield, fuelwood will de¬ 
finitely involve a trade-off against 
them. 

At present, the productivity of In¬ 
dian forests is extremely low; with 
current practices, fuelwood yields 
from forest lands would be of the 
order of barely 4 to 5 tonnes per hec¬ 
tare per year. With such a low pro¬ 
ductivity, choosing alternative oio- 
conversion processes for producing 
chemicals, and the production of 
small dimension timber and bamboo 
for infrastructure and community 
buildings of improved design may 
turn out to be a much better choice. If 
the problems of process heat and cost 



^df equipment for bio-cohversion pro- 
[ cesses can be solved by using renew¬ 
able energy and resources to the full- 
set extent, these alternative pathways 
will generally yield better and diversi¬ 
fied uses, more value, and generate a 
broader spectrum of employment, in¬ 
comes and benefits. In view of this, it 
is perhaps best to restrict the use of 
biomass as fuciwood to meet mainly 
domestic and non-commercial needs. 

In addition to the low forest pro¬ 
ductivity, another factor constraining 
the use of wood as fuel, is the un¬ 
favourable land to man ratio in India. 
Countries like Sweden and Norway 
could use fuelwood for electricity 

f ;eneration because with their very 
avourablc land to man ratios they 
can afford to use less efficient but 
easier paths. India, however, must 
think twice before going in for fuel- 
wood as a replacement for industrial 
fuels for energy. Moreover, our low 
land to man ratio also means that we 
cannot have a viable fuelwood, or for 
that matter biomass, policy without 
increasing the productivity of our ex¬ 
isting forests. 

Fuciwood as an industrial energy 
source has its own problems. It has to 
compete with more direct, and so, 
more ^efficient ways of conversion 
like wind, solar and small hydro ener¬ 
gy (efficiencies of 8 to 10 per cent are 
obtainable as against the one per cent 
in ph otosynthesis when sup¬ 
plemented by adequate water supp¬ 
ly). The technological possibilities of 
mechanical power and heat energy by 
conversion of solar and wind energy 
have not yet been fully developed. In 
a tropical country like India, solar 
energy supplemented by wind and 
small hydro energy is a very promis¬ 
ing combination—effective because 
the seasonality of each source com- 

E lements that of another. Today, uti- 
sing such a combination is limited by 
technologies which have to use scarce 
energy-intensive materials like .steel, 
aluminium, and cement. 

Studies have shown that the con¬ 
sumption of energy-intensive mate¬ 
rials per unit capacity and output is 
much higher for renewable sources 
than for conventional sources such as 
coal based thermal or even hydro- 
energy This includes the cost of trans¬ 
mission and generation. On the other 
hand, two hundred years ago, water¬ 
wheels and wind-mills were built en¬ 
tirely out of locally available and 
biomass based materials. The largest 
windmills were of such a size that with 
a modern design it could produce up 
to 2(M)kW. So there is another choice 
one must give serious thought to— 
should we concentrate on replacing 
fuel by wood, or on replacing other 
non-renewable sources by solar, sup¬ 
plemented by wind and small hydro. 


energy and redudhg tile tt& Wttiate- 
rials like steel and cement by wood 
and biomass derived materials like 
timber or polymers, etc? 

The choice, even if of a second 
order nature, can be much more 
effective. Since initial photosynthesis 
efficiency is as low as one per cent 
when water supply is adeauate, it is 
much more sensible to use biomass as 
a tool in lowering the cost of exploit¬ 
ing other renewable sources which 
are also more efficient. 

An important aspect of fuelwood 
plantations, and social forestry prog¬ 
rammes, is the nature and extent of 
their impact on employment. Initial 
studies based on a comprehensive in¬ 
put-output model become 
quite important here. If employment 
is seasonal, the time and place have to 
be related to local needs. Migration, 
and seasonal migration particularly, 
are a problem that can aggravate dis¬ 
proportions between the demand and 
supply of labour and cause much 
hardship; some areas may be starved 
of labour while it becomes surplus in 
even adjacent areas. The trouble 
with plantations is that the compo¬ 
nent of employment that goes into 
maintainance and utilisation is much 
smaller that what goes into the initial 
preparation and planting. The in¬ 
creased initial demand even draws off 
people from other, customary em¬ 
ployment for short periods, only to 
slump drastically later. This is itself a 
traumatic, destabilising influence. 
Every care, therefore, has to be taken 
to ensure proper scheduling and de¬ 
velopment of sustained employment. 

In changing over to higli yields, we are 
also changing over to a different level 
of technology. Traditional forestry 
gives place to agro-silviculture. This 
carries with it a different and deman¬ 
ding structure of tasks and skills. 
These are things which change slow¬ 
ly. and here too, if social forestry is to 
become adequate to local needs, a 
phased development of forestry 
programmes is needed; not a ‘crash 
programme'. Otherwise, as happens 
in a number of industries coming up 
in underdeveloped areas, the local 
population is bypassed or forced into 
skilled low-paid categories of employ¬ 
ment because it cannot sufficiently 
upgrade its skills. If local needs are 
not satisfied, then unauthorised fuel- 
wood collection and selling, often at 
low prices, will remain a problem and 
may finally even be counter produc¬ 
tive. 

The most sizable section of the 
population to be directly affected by 
social forestry programmes will be 
the Adivasis. For this poorest, almost 
marginalised, section of our people, 
social forestry programmes present a 
dilemma. If social forestry program- 




sis in view as entrepreneurs, the 

f iressure of market mechanisms 
orces control out of their hands. It is 
doubtful whether they can weather 
either the fairly prolonged periods of 
gestation, or the market fluctuations 
in the product if fuelwood becomes 
widely available. As with so many 
other products in the past, control is 
likely to pass into the hands of traders 
and such intermediaries. 

On the other hand, things will not 
be relieved simply by entrusting gov¬ 
ernment organisation with the social 
forestry programmes. In the first 
place, the Adivasis would then be re¬ 
duced to becoming wage labourers 
and, previous experience suggests, 
perhaps even bonded labourers, 
without receiving the full benefits of 
the programme. I'lie dilemma can be 
resolved by sacrificing a unifocal 
solution. A judicious combination of 
an efficiently managed planned fore¬ 
stry under state control, and small 
agro-silvicultiiral plots allotted to 
marginal-farmers and landless 
labour, worked intensively, represent 
one of the way out. 

To sum up, wc have now reached a 
stage where wc need to concentrate on 
translating the potential of fuelwood 
and other biomass into a viable poli¬ 
cy. This needs a comprehensive 
quantitative inpul-output analysis of 
the factors which determine biomass 
yields, which alone will allow a cost- 
benefit analysis and the extrapolation 
ofre.sults to different areas. At a macro 
level, we have to choose between 
the different alternative uses of 
biomass and the place that fuelwood 
occupies in it. We then have to take 
account of how the policy package 
will influence the employment and 
economic position of the local 
population. The present level of 
analysis is quite inadequate, and wc 
first need an analysis which takes all 
these factors into account before wc 
commit ourselves to a firm fuelwood 
policy. 
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FUEL-EFFICIENT 

STOVES 


A nother approach to be con¬ 
sidered in reducing the demand 
lor firewood is the introduction of 
more efficient burning equipment, 
rhis approach seems particularly 
attractive because firewood is most 
scarce in those regions of the world 
where it is also burned most ineffi¬ 
ciently. 

Roughly 80 per cent of the fuel- 
wood consumed in developing coun¬ 
tries is used for domestic purposes— 
cooking, space healing and hot water. 
Many traditional cooking stoves and 
open fireplaces waste wood mainly 
because they focus the flames poorly 
on the cooking surface. 

Improving wood-burning devices 
scorn to be one of the best ways to 
alleviate the twin curses of firewood 
scarcity and forest depiction. Often, 
all that is required is very minor re¬ 
designing of existing stoves. 

Improved stove models are insu¬ 
lated to prevent heat loss through the 
walls. I'hc hearth can be closed to 
regulate air intake and improve com¬ 
bustion cotidiiions. The flow of air 
and hot gases through the stove is 
directed to concentrate heat on the 
cooking surface. A chimney is usually 
!nc(»rporated into the design to pro- 
V iilc draft, the motive power that pro¬ 
vides air for combustio.n. (If poorly 


designed, however, chimneys can de¬ 
crease efficiency by creating exces¬ 
sive draft.) Cooking pots are arranged 
to fit the stove properly, preventing 
leaks and heat loss. 

Improved stoves can probably 
achieve an overall efficiency of 20 to 
30 per cent and they have the poten¬ 
tial for reducing wood requirements 
by five- to ten-fold. T he wide dissemi¬ 
nation of such stoves could reduce the 
time, energy and money that Third 
World, women now' spend acquiring 
fuel and cooking. 

The other approximately 20 per 
cent of fuciwood used in developing 
countries is burned at similarly low 
efficiencies in small-and medium- 
scale industries such as food proces¬ 
sing and manufacturing. There arc 
numerous ways in which modern en¬ 
gineering principles can be applied to 
Improve the fuel efficiencies of these 
technologies. 

In many cases, fuciwood savings 
can be realised even without changes 
in equipment. Perhaps the best way to 
do this is simply to dry or season wood 
before burning. When burned, moist 
wood produces less useful heal and 
more smoke. To ensure that wood is 
dry it should be split (in the case oi 
large logs) and stored for six monihs. 

An open fire may extract only 10 


per cent of tne energy potential of 
wood; an improved stove can use 20 
per cent of more. If such stoves were 
universally adopted in areas where 
open kitchen fires are used, the de¬ 
mand for fuelwood would drop 
significantly. 

Efficiency can also be increased by 
designing better cooking pots, by im¬ 
proving insulation and house-heating 
systems, and by finding better techni¬ 
ques for air-drying fuelwood. 

The issues to be considered when 
advocating use of more-efficient 
stoves are much broader than simply 
energy-efficiency or even fuel costs. 
The kitchen, in effect, is a miniature 
food-processing plant where the time 
and ctforl involved in preparing the 
food and fire and in the cooking and 
clean-up arc all important factors in 
the efficiency calculations. Moreover 
the case, and the prestige, of using a 
gas stove should not be 
underestimated 

I radilion remains the most serious 
barrier to the use of new stoves. Cx)n- 
sidcrablc extension work and demon¬ 
stration may be needed to convert 
people to the use of new stoves. In 
some cases, unexpected problems 
may arise. For example, some 
Nepalese villagers recently aban¬ 
doned highly successful and widely 
adopted stoves when their roof 
thatch, no longer infiltrated by 
smoke, became infested with 
termites. 

Excerpted by permission from Firewood 
Crops, a report of the Board on Science and 
Technology for International Development 
National Academy of Sciences, USA. 



Wireless’’ cooking. If a heavy of food is 
brought to a boil and then placed inside a 
boavily insulated box, it continues to cook in its 
own heat. No additional fuel is needed, thus 
saving much firewood. The system is particu¬ 
larly useful for beans, sauces, stews, and other 
joods that are cooked slowly over several 
bours. Hot stones can be added for further 
cooking. 


The Family Cooker. Based on efficient cooking stoves developed in the Netherlands during 
World War II. the Family Cooker was developed at Eindhoven University. Efficiency is 
optimised by reducing heat losses and controlling combustion. The housewife has easy and 
flexible control over the rate of cooking. This is because air for the fire is sucked in through the 
air-inlet pipes and controlled by the damper in the chimney. Heat transfers efficiently 
because the fire plays directly on the cooking pot and cannot escape sideways. Fiun gases 
then pass downwards, heating the inlet air and a “hotbox" that can be used to preheat food or 
water or to keep cooked food warm. 




Charcoal making in pit or earth-covered mound in Tunisia 

forests for fuel 

WHY NOT USE CHARCOAL? 

K. Seshagiri Rao R. Vaidyeswaran 

Charcoal makes wood energy easier and cheaper to transport, and 
the growing reliance upon it is the result of the increasing distance 
from the harvest site of wood to the user 


T he fuel consumed in kitchens 
accounts for about half the total 
energy consumed in the country. It 
also^ accounts for almost the entire 
consumption of non-commercial 
fuels (agricultural and farm wastes, 
firewood, etc). For at least another 
decade, the quantity of non¬ 
commercial fuels is likely to remain 
more or less the same, though the 
proportion (sec Table 1) is likely to 
decrease with the increasing availa¬ 
bility of commercial fuels like 
kerosene, coke and liquefied pet¬ 
roleum gas (LPG). 

Firewood is the main non¬ 
commercial fuel used in India, espe¬ 
cially in rural households. The 
quantity consumed is about 120 mil¬ 
lion tonnes (mt) and this figure is ex¬ 
pected to remain at the same level for 
many years. During the past few 
years, however, serious doubts have 
been expressed about the adequate 
availability of firewood in view of 
widespread and rapid deforestation. 

In fact, forest resources arc dwind¬ 
ling faster they arc generated. As it is 
a replaceable or renewable fuel re¬ 
source, firewood should be given top 
priority in the overall energy plan and 
urgent steps should be taken to culti¬ 
vate quick-growing trees for use as 
fuel. Firewood is used as such in rural 
and urban areas for fuel purposes. 
Sixty per cent of the consumption is in 
urban areas. It may be difficult to 


stop its use in rural areas, for, often it 
docs not come under the monetised 
economy. However, in urban areas, 
its direct use should be stopped as it 
causes environmental pollution. Its 
efficiency of utilisation is also low— 
10 per cent. On the other hand, it can 
be processed to more efficient forms 
of luel like charcoal or gas. 

Taking into account the relative 
efficiencies of combustion of wood 
and charcoal and their calorific 
values, it is more efficient to convert 
wood to charcoal and burn it rather 
than burn it directly. This is apart 
from charcoal being smokeless. 

The method of making charcoal by 
destructive distillation of wood is the 
oldest wood-processing method. 
Charcoal is an ideal smokeless fuel 
for cooking. The gross calorific value 
of charcoal ranges from 6,000 to 
6,5IX) K.cal/kg. The calorific valueof 
other fuels (in K.cal/kg) is as follows: 
soft cokc~4,500—5,000; firewood— 
3,000—3 500; dung cake—1,800— 
2,000; and kerosene—11,(KJ0. One 
kilogram of charcoal has a replace¬ 
ment value of 2.38 kg. of firewood. 
The combustion efficiency of char¬ 
coal in the existing s/grm is about 28 per 
cent. Thus, conversion of firewood 
into charcoal for use as a fuel will be 
better than using firewood as such. 
Charcoal is also useful as a reductant 
in electro-metallurgical industries 
and in the manufacture of calcium 


carbide, carbon disulphide and active 
carbons. It does not contain sulphur, 
which is an advantage for metallur¬ 
gical purposes. 

Destructive distillation or carbo¬ 
nisation is the process in which any 
carbonaceous material is heated out 
of contact with air. The residue from 
wood carbonisation, after the major 
volatile products arc removed, is the 
charcoal. Depending upon the 
temperature at which charcoal is 
made, the composition and residual 
volatile matter differ. Charcoal is 
normally made by heating wood to 
about 400*1" and has a volatile matter 
content of 15 to 25 per cent. Carbo¬ 
nisation is self-supporting for heat, if 
properly done. 

Charcoal is still being made by the 
crude method of partially burning 
wood in earth-covered mounds or 
holes in the ground, or a combination 
of the two. This method has many 
drawbacks. I'hc charcoal produced is 
uneven in quality, burns smokily, has 
a high water content and acidity, and 
is often contaminated with impuri¬ 
ties. By-products such as pyrolig¬ 
neous acid and tar are also not 
recovered. Pyroligneous acid used to be a 
major source of methanol, acetone 
and acetic acid; with increasing prices 
of petroleum and dwindling re¬ 
sources ol oil, recovery of chemicals 
like methanol from wood distillation 
may become economic once again 
when done on a large scale. Certain 
wood tars provide the starting mate¬ 
rial for disinfectants, pesticides and 
wood preservatives. 

The operational difficulties of pit 
kilns were overcome by using brick 
kilns which, however, are costly and 
the wood has to be brought to the 
plant. Rectangular kilns with one to 
five-cord capacity were constructed. 
One cord measures 2.4 x 12 x 1.2m. 
Portable sheet steel kilns were also 
tried. A kiln with a diameter of 7.1 m 
at the ba.se and 1.2 m. at the top and 
1.5 m tall cun handle one cord. Such 
kilns are portable and are, thereforCi 
being used in some of the less de¬ 
veloped countries. The Tropical Pro¬ 
ducts Institute (UK) uses a portable 
steel kiln which can yield 750 kg 
charcoal; each run takes two days. 

Many processes have been de¬ 
veloped for the carbonisation of 
wood with by-product recovery. 
Only a few are m commercial prac¬ 
tice. The processes can be classified 
as (1) externally heated (2) internally 
heated, (3) batch and (4) continuous 
processes. 

Externally heated proceesee 

In the early designs with recovery 
of by-products, part of the wood was 
allowed to burn to furnish the,heat for . 






carbonisation. The next develop¬ 
ment was use of small externally 
heated retorts of 1.5m diameter and 2.7 
m length- Two such retorts were set 
in a fire box. Charging and discharg¬ 
ing was manual. This was further sim¬ 
plified in the French can method in 
which metal containers with wood 
were lowered into the fire box and 
later removed when carbonisation 
was over, and allowed to cool. 
Another container was lowered into 
the fire box. In a modern retort, 
wood is distilled in steel cans called 
“buggies” in long horizontal ovens, 
fiach buggie can hold 2.5 cords of 
wood. A retort holding four “bug¬ 
gies” is common. Wood tar was com¬ 
monly used for firing these retorts. 
For wood containing high moisture, 
pre-driers were added, using flue 
gases to dry the wood. Charcoal cool¬ 
ers were also provided. Wood was 
l>roccssed into 1.3m or 25 —M cm 
pieces. The normal distillation cycle 
was 24 hours. This oven process has 
disadvantages like a large tempera¬ 
ture difference between the top and 
the bottom (I(K)‘»—2(K)‘C) heat losses 
in removal of buggies and lack ot 
accurate control. 

Internally heated processes arc 
thermally more efficient and can be 
built in larger capacity. The batch- 
type Reichert process uses the princi¬ 
ple of gas recirculation. Hie retort is 
5 m in diameter and 8.5 m high. 
Wood (0.3 m long pieces) is fed to the 
retort and oxygen-free gas heated to 
the required temperature in a gas 
heater flows from top to bottom at 
the rate of 0.1—4).3 m Vhr/kg of wood. 

C racking of carbonisation products is 
avoided by removing them quickly 
trorn the retort. This also avoids con¬ 
densation of tar and other products 
near the discharge end. When the 
‘emperature of the outlet gases 
reaches 2(X)*C, carbonisation is con¬ 
sidered complete and the residue i^ 
discharged into air-tight bunkers and 
aioled. Carbonisation takes 20 hours 
and filling and emptying the retort 
takes 10 hours. 

Continuous processes 

Among the coiitinuous processes, 
the Lambiotte process uses a vertical 
t'vlindrical retort to carbonise wood 
pieces. The retort is heated by inert 
gases produced in a combustion 


chamber. Pre-dried wood is con¬ 
tinuously fed at the lop and charcoal 
discharged at the bottom. Hot gases 
are introduced half-way in the retort. 
A portion of the circulating gases is 
fed at the bottom to cool the char¬ 
coal. The process does not require 
additional fuel unless the moisture 
content in wood exceeds 25 per cent. 
A retort 2 m in diameter and 5 m high 
can carbonise 1 t wood/hour. This 
process is reported to give higher 
yields ot acetic acid and, methanol 
than the oven method. 

I'he Regional Research Labora¬ 
tory, Hyderabad, has also developed 
a continuous process for carbonisa¬ 
tion of w<H>d with internal heating sys¬ 
tem. Pieces of wood move slowly 
from top to bottom, get first dried and 
then carbonised, and in the lower sec¬ 
tion the charcoal is cooled with cold 
gas before discharge. Products of car¬ 
bonisation are withdrawn through a 
dust separator and a tar separator by 
. a fan and fed to the condenser. I'hc 
non-condensable gases arc fed to the 
combustion chamber in the carbonis- 
er section and also to the cooling sec¬ 
tion to cool the hot charcoal. The 
carboniscr is initially brought to the 
operating temperature with an exter 
jnul tiiel and after this no externaj fuel 
is required. Wood pieces of 5 cm x 
5 cm X JO cm are processed. A 50 
t/day plant based* on this process for 
carbonisation of pine wood has been 
set up in Himachal Pradesh. This 
lant is based on the internally 
eated system and is meant for proces¬ 
sing pine wood pieces. It has a by¬ 
product recovery system. The pine 
lar after separation from the aqueous 
liciuors is sold to rubber industries. 
Wood has, however, to be cut to a 
si/e of 50 X 50 X KK) mm, which results 
in production of saw-dust. 

rhe Badger-Stratford process uses 
exothermic heat of carbonisation. 
Wood pieces 20 x 10 x 2.25 cm are fed 
to a ho! carboniscr and the heal of 
carbonisation is enough to bring the 
fresh charge !o the decomposition 
temperature. A thick layer of char¬ 
coal is maintained at the bottom of 
the retort and partly cooled charcoal 
is withdrawn from the bottom. The 
retort is cooled once in two weeks and 
any tar condensed on the walls is 
burnt. This process is specially suited 
for chopped or hogged waste. 


In an the processei mentfotied 
above, wood has to be cut into small 
pieces, which increases the cost and ; 

P roduces saw dust as a waste product,; '; 
b overcome such difficulty, a tunnel i 
kiln (100 m long) has been suggested. 
This has five compartments. Wood 
travels through an initial charging j 
section, a drier (38 m long), a carbo- v 
niser (26 m long), a cooling seaion > 
(20 m longjt and finally a discharging 
section. These compartments art 
separated by hanging doors. The car- 
boniser section has a combustiot) ; 
chamber attached to it. The volatile ] 
products arc condensed and the non- J 
condensable portion is burnt in this 
combustion chamber and the com- ! ; 
bustion products arc circulated in the ’; 
carboniscr section. A portion of the ‘ ,! 
gas is fed to the cooling chamber and : 
then to the combustion chamber. 
This prcKcss, though attractive, has 
not been proved commercially use- ' 
ful. Big logs placed in trolleys moving 
on rails are used in this process. This 
method, however, introduces diffi¬ 
culties in pre-drying wood. Steam . 
from the central portion of wood 
escaping through Lhe hot outer zone 
causes rapid shattering of the char¬ 
coal. Split or band-sawed blocks give 
a good product. 

The cost of production of charcoal 
depends on various factors like 
capacity of the plant, recovery and 
processing of by-products and the re- 
turnsfrom the by-products. No 
data arc available on the cost of 
production. 

The yield of products in carbonisa- - 
tion is as follows. The charcoal yield 
is 35-40 per cent on oven-dry wood 
Pyroligneous liquor, the major by¬ 
product, has methanol and acetic 
acid as important constituents. De¬ 
pending upon the process, composi¬ 
tion and moisture content of 
wood, the yield of pyroligneous li¬ 
quor varies from 3rK) to 800 kg per 
tonne of wood. Wood tar is of two 
types. One is the soluble or dissolved 
tar, which is soluble in pyroligneous 
liquor and separates during refining 
and the other is the settled tar which 
is insoluble in liquor and is heavier. 
The former is a mixture of complex 
compounds. The total yield of tar is 
12—13 per cent. Pyroligneous liquor 
contains 11 per cent acetic acid and 
homologues, 3 per cent wood spirit, 7 
per cent dissolved lar and 79 per cent 
water. By slow distillation, wood 
spirit boiling up to HO^C is removed; 
thereby the solubility of tar in liquor 
is reduced. 7'he distillate contains 
60-70 per cent wood spirit consti¬ 
tuents, 10-15 per cent acetone, 10- 
15 per cent methyl acetate and some 
other minor constitutents. Multi- 
column distillation units ave used to 

(Continued on page 64) 




The latest Jaguar International, in service with the Indian Air ■ it combines supersonic performance with outstanding weapon 
Force, is an even more powerful version of the aircraft which load/range capabilities and the ability to sustain high mission 

has proved in service with the Royal Air Force in Britain and ® minimum of technical support. 

Germany, with L'Armee de I'Air in France and overseas, and ■ it has the advanced systems design and structural qualitiRS to 
with the air forces of Ecuador and Oman, that it provides the penetrate sophisticated defences at high speed and low Icvo' 

versatile, cost-effective weapon system essential to meet in all weathers and to locate and attack the most difficult targets 

tactical defence requirements throughout the 1980s and with consistent precision. 

1990s. 




tids the reliability and ease of maintainability to allow long 
Periods of operation away from base facilities. 

Its short take-off and landing characteristics enable it to operate 
unprepared strips, roads, grass or desert surfaces. 

'I ddds formidable air-combat, self-defence capability to the 
OKcoptional survival abOity ensured by rugged structure, twin- 
configuration and duplicated systems. 



^•signed and built by SSaEsPaEiiCaa AaT■ 

To be developed and built In India by 

HlliOUSTAN AERONAUTICS LIMITED, 

BRITISH AEROSPACE A DASSAULT/BREQUET, FRANCE. 





FROM THE INFINITE 



Distant Galactic System 

TO THE INFINITESIMAL 



i / * ^ 

Compound Eye of a Mosquito 

A CARl. ZEISS INSTRUMENT 
CAN PUT YOUR OBJECT IN EOCUS. 


From the macro world of distant 
galaxies to the micro world of viruses 
and bacteria Carl Zeisc instruments 
probe the universe through the 
optical window A spectrum that 
spans spectroscopy, microscopy, 
nnetrology, micro electronics, 
photogrammetry, survey, astronomy, 
medical science, microfilming, optics, 
planetaria, ophthalmology 

Available in India through our sole 
selling agents ; 

• Astronomical Instruments. 


Planetaria Microscopes, Medical 
& Ophthalmologlcal Instruments, 
Instruments for Engineering 
Metrology, Microfilming Equipment, 
Photogrammetrlc Instruments, 
Analytical Instruments & Surveying 
Instruments. 

Measuring Instruments, Micrometers 
Dial Gauging Tools and other 
Testing Equipment . 
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Three fetschrifts for the environmentalists 


A Bundle of Peathere-^roffored to Salim 

Al{« ed. by S. Dillon Ripley, Oxford Universi¬ 
ty Press, Delhi, 1978, 241 pp, Rs. 85. 

Glimpses of Ecology, R. Misra Commemor¬ 
ation Volume, ed. by J. S. Singh and B. 
Gopal, international Scientific Publications, 
Jaipur, 1978, 592 pp, Rs. 300. 

Management of Environment, A. K. Gan¬ 
guly Felicitation Volume, ed. by B. Patel, 
Wiley Eastern, New Delhi, 1980, 578 pp, 
Rs. 240. 


M> DAlMiMil’K studies in :i centnil 
school. A couple of years ago, she used to 
study science and social studies. And 
then, suddenly, she was siiidving eiuiron- 
mental studies 1 and II. Science and social 
studies had sanisheil; environmental sci¬ 
ences hail come ol age. .Not that there 
was any change m the content ot the 
lc.\tbooks. rhe labels had merely nieta- 
moi‘phosed--a p.irt ot the bandwagon 
efiect. With the establishment ol a De¬ 
partment ol iinvironment at the Centre 
and in some stales as well, the band- 
VIagon will now ineviiablv gathei 
momentum. 

Much beU>rc the handwagon started 
rolling, iheic were solid scienlitic efiorls 
in the I'leld.ol environment in India. And 
these were piimariiv the work of three 
meir Salim Ali, Rarndco Misia and Anil 
Kumar (i.iiiguly. I’hev were born roughiv 
ten wars apart from each othei—Salim 
All in ISWh. .Misra in l^DS and (iangulv in 
lyis. 

Salim /Ml. the famous biid-man ol 
India, devoted his entire life to the 
scientific stiidv ol birds’which culminated 
m the monumental, ten-volume A/u/zr/- 
/fooA t}f Hinls (ff India and hiki\lan. 
Misra. a botanist, was the eailiest to tuin 
to plant ecology and established a solid 
school ol studies on plant productivity at 
Banatas ilmdu Univcisity. (ianguly. a 
chemist, was drawn to the siudv of 
ladiation hazards ol nuclear power plants 
and. working at the Bhabha Atomic Re¬ 
search Centre, he developed a whole 
range of activities relating not only to 
radiation but other problems of chemical 
pollutum and aquatic environments. All 
ihrec having reached venerable ages, the 
last three years have seen the publication 
^>1 three felicitation volumes to these 
pioneers. 

The three volumes, carrying over a 
hundred articles, make a mo.st interesting 
set. They give us a fair idea of the present 
Male of environmental sciences .not onlv 
in India but in the world, for many 
distinguished scientists from abroad have 
also contributed to these volumes. 


A Bundle of Feathers reflects our con¬ 
cern with conserving wilderness and the 
sheer pleasure of watching the fa.scmating 
creatuies that are birds. It includes arti¬ 
cles tracing how the changing pattern of 
land use in Soviet Central Asia has led to 
a gradual .shrinkage ot the range of the 
Great Bustard and a speculative review' 
of what leads to the expansion of ranges 
of birds such as the Ring Dove that has 
recently invaded Furope. It carries a 
fascinating account of how' the hill mynas 
develop their complex repertoire of songs 
by imitating their neighbours, but always 
of the same .sex, so that the males and 
females have songs overlapping within 
the sex, but quite distinct across the 
sexes. 

iJlimpses of Fcolo^y reflects concern 
not so much for wilderness, hut for 
sustaining the productivity of the land. 
The mamspring of the work reported m 
this volume is the International Biologic¬ 
al Programme ol t 'M s( o. This program¬ 
me promoted a w hole scries ot compara¬ 
tive studies on production and dynamics 
of ecosystems, many i>f which arc re- 
poiicil here. There are repi»rts on plant 
production in the dry Aivallis of Ra)as- 
than. Ill the oak forests of Naimlal. heath 
forests of Indonesia and the rain forests 
of Amazon, riieie are useful reviews of 
problems of grazing in forests and grass- 


Systems analysis and data processing by 

A. Subramanyam and K. S. Menon. A. H Wheel¬ 
er and Co Pvt Ltd. Allahabad, 1979,235 pp, Rs 
50 


Till HOOK, in two parts, gives an adequate 
theoretical background about computers 
and systems analysis. The ly topics in the 
hook arc well analysed and presented in a 
processed output. 

The systems analysis part explains the 
six steps involved in systems analysis and 
their mlerrelalions through a flow chart, 
with checkpoints introduced at various 
steps, ft discusses techniques of systems 
analysis, such as fact-gathering methods, 
flow-charting with symbols, decision 
tables and simulation, thr .sources and 
methods of compiUci inputs, output de¬ 
signs. types of outputs, forms designs, 
types ol files, etc. 

Information system, which is a part of 
data pro:cs.sing, is well elucidated in the 
second part, compa^'ing manual and 
machine systems. The example explained 
projects a clear picture of an information 
system. Besides describing the various 


lands and the management of such lands* > 
of the role of earthworms'in the decom- * 
|H)sition of organic material and of “alle- 
lopalhic” chemicals in determining plant' 
succession. The significance of ecological| 
principles for managing the affairs df i 
mankind are di.scusscd. w 

Manaf*c/nenf of Lnvironmeni is primar^^ ’ 
ily concerned with technologists’ preoc-;; 
cupation with alleviating (he poisoning of , 
the land and the air and the waters.; 
around us. The emphasis is on pollution 
through ladioactive material and chemic«> 
ai pollution, particularly of the waters.' 
But there are also a number of other 
papers on topics ranging from meteorqlo- 
gical models of dispersion of pollutants, 
from a high chimney to the study of : 
prehistiiric environments from archaeolo¬ 
gical sites. 

Taken together, this set of three books 
tells us pretty much what is going on, and 
not going on, in environmental sciences 
in India. But it doesn't have enough of 
careful and authoritative reviews of the 
state of environment in India today; this 
is something one might have expected of 
these books. Perhaps, this is something 
we have to wait a little longer for. 

MADHAV GADGIL. 

Prof. Gadgil is with the Centre for Theore¬ 
tical Studies. Indian Institute of Science, 
Bangalore. 


data processing systems, the section also 
discusses classitication of storage in com¬ 
puters, comparison of various storage sys¬ 
tems. computet soil wares, output devices 
as line printers and video display units,, 
management of data processing and data ^ 
security. 

T he two data processing systems preva¬ 
lent in India are Unit Record Machine 
System and Electronic Computer System. 
One can get a clear idea of a punched card 
and its designs with various elements, 
method of transferring information and 
jhc functions of reproducer and sorter. 
Other topics cover the principles involved 
in coding a system and the representation 
alphabet and numbers and special charac¬ 
ters, followod by illustration of the classi¬ 
fication of electronic computers such as 
analog, digital and hybrid, types of input 
media, and their description with suitable 
photographs. 

P. PARAMASIVAM 

Mr. Paramasivam is maintenance engineer at 
the Nehru Planetarium. Bombay. 


Computers and systems analysis 


.Science Today. nnYmirD loai 


I The weather has not changed much over the past nine months but the 
I number of rings has greatly multiplied 


V T ^ ^ myslerics seem to 
i;- Xdcepcn with every new encounter. 
I Vovager 2, following Vovager I 
f (which flew past the ringed planet 

nine months ago) tried to check its 

V predecessor's findings while scanning 
; for new info. 

> In the beginning, it nnus 
ji! thought that the planet had only one 
f - ring around it; then it came about that 

V ft wasn't just one ring but a system of 
C three divided by dark spaces in be- 
, tween. The Pioneer and subsequent 



;' Voyager 2 discovered a new kinky ring in place 
^ r. virhere no ring was expected in a dark gap— 
the Encke division. Faint, five stranded and 
. closely kinked, the ring did not have the ex¬ 
pected attendant shepherd moons 

missions found more rings, now to¬ 
talling seven (labelled A to (i) and the 
latest indications arc that the rings 
are a system of thousands of ringlets. 

The ringlets were counted by 
photopolarimetric measurement of 
the light of a star being occulted by 



The sheep dog satellites guarding the F-ring. 
The bright disc at the right is the A-ring. The 
F-ring showed up as composed of fiv^ smooth 
concentric circles. The kinks and braiding that 
Voyager 1 noticed could not be seen 

the system. Within the Encke gap it¬ 
self, 10 dips were recorded in the light 
curve. The actual ringlets, according 
to Larry Esposito. University of Col¬ 
orado, USA, extend “maybe down to 
the individual particle size". To cause 
so many divisions in the rings, surely 
there must be many moonlets—so 
astronomers had figured (SCIENCE 
Today, November 1979). But none 
were found. 'The cause of the gaps 
and the fine structure of the rings thus 
remains a mystery. 

Voyager 1 had found the F-ring 
consisting of three strands to have a 
braided structure. However, the por¬ 
tions which Voyager 2 photographed 


ring. 

Voyager 2 also had a minor mis¬ 
hap: in Its trajectory, even after pas¬ 
sing through the ring plane outside 
the G-ring on the far-side of the 
planet, its scan platform got jammed. 
The same path had been taken earlier 
by Pioneer 11 and Voyager 1. 
7'he mission scientists figure that a 
stray particle—whatever its source-— 
caught in the platform's gears may 
have been responsible for the wreck¬ 
ing. The jamming was, however, 
slowly released. Hopefully it will now 
relay new data from Uranus in Janu¬ 
ary 1986. 

Meanwhile, theories about the 
formation rings abound. Whether 
they are particles that failed to 
coalesce and form a satellite or they 
arc a single body that broke up is not 
dear. The three main rings, A, B and 
C, show distinct characteristics. This 
would imply that they could be the 
debris of three different •objects. 



Tethys showing a 400-km wide impact crater 



The mystery of the spokes (above left) have yet to be resolved. A 
time-lapse movie following a group of spokes showed that new spokes 
form quickly as old ones fade. What is surprising,is the speed with which 
they leap across the ring surface—within 12 minutes they cover a dis¬ 
tance of 20.000 km Several theories have been put forward explaining 
the formation of spokes 1) they are said to be caused by the planet's 
magnetic field, 2 ) they could be due to the ionisation of dusty material in 
the ring by sunlight and these spokes of ionised particles are elevated 
from the ring plane by the planet's magnetic field and 3) another exciting 


theory relates to the periodicity of electrical discharges from Saturn which 
matches the orbital speed of the B-ring where the rings are most promin¬ 
ent and. therefore, the theory holds that spokes are linked to the dis¬ 
charges. Only a detailed analysis of theVoyager data will give a clearer 
picture. 

The details and differences in the ring-system (above right). The "redden¬ 
ing" of the B-ring on the unlit side also was seen in Voyager 11mages. 
Voyager 2 obtained this picture from a range 3.4 million km through the 
clear, green and violet filters 
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Hyperion, the strangely tilted moon, showed up 
as an oblate disc. Its rotation axis is at an angle 
to its short axis 

The pianet’s weather was found to 
have changed somewhat over the past 
nine months—the equivalent of a 
week in the 30-year Saturn year. 
Storms on Saturn, like those on Jupi¬ 
ter, are long lasting, though there 
have been some minor changes— 
huge irregular storm systems have 
changed shape and one large white 
one has lost its dark edges. 

rite Saturnian family of satellites 
is, on the whole, icier, whiter and 
colder than the Jovian family. The 
polar hood of the Titan, photo¬ 
graphed by Voyager I, has evolved 
into a collar. Tethys sports a 4(K)-km 
wide crater. And Mimas, according 
to earlier missions, has an extra large 
cialerfSciLNC L Today, February 1981 
p 42). But the whole of Mimas would 
fit into Tethys’s crater. Considering 
its size, however, Mimas has had a 
more severe impact. The black and 
while lapeiiis. Voyager 2 found, had 
starkly contrasting surfaces—the 
trailing hemisphere was l."^ limes 
brighter than the leading one. Harth- 
based calculations had put it as only 
live limes brighter. The reflective 
properties of the pilch black end 
probably exactly match that ot 
pitch. On lapetus there is enough car¬ 
bon in the torm ot methane. 

Many of Saturn's satellites are 
nor spherical. M(^st peculiar of these 



Ringlets within ringlets within ringlets. Viewed 
close-up from Voyager 2 . the ring system 
appears like a phonograph record Rings come 
in many variations; thick, thin, bright.tenuous 
concentric, elliptical, etc. Where the imaging 


shows thousands of rings, photopoiarimetry re-* 
vealed hundreds of thousands. Often, in ring¬ 
lets. fine particles’are denser at the edges than 
in the centre 



Circulation around a large brown spot in 
Saturn's atmosphere can be seen in this pair of 
green-filter Voyager 2 images taken Aug 23 
and 24 from distances of 2.7 million and 2.3 
million km respectively. The left frame was 
taken about 10 hours 15 minutes before that at 
right. Brighter clouds like that seen to the north- 
vyest of the spot (to the upper left in these 
views) are observed in this time-lapse compari¬ 


son to move in an anti-cyclonic direction (coun¬ 
terclockwise in the northern hemisphere). One 
interpretation says this anti-cyclonic motion is 
associated with downdrafts that would induce 
clearing over the spot. Consequently, the spot 
itself may represent an opening in Saturn's 
upper cloud deck through which darker under¬ 
lying clouds can be seen. The smallest fea¬ 
tures visible here are more than 50 km 



Enceiadua. the third moon of Saturn, photo¬ 
graphed in saturnshine on 25 August, from a 
distance of 110,000 km. About 600 km in 
diameter, it resembles Jupiter's Galilean satel 
iite, Ganymede, which is 10 times larger 


lapetus has two distinct faces—a black one 
and a white. The dark, leading face is thought 
to be composed of carbonaceous material that 
has been exposed due to bombardment of 
particles from Phoebe 


Titan—the only satellite in the solar system tliat 
has an atmosphere-viewed from the night 
side. Clearly visible is the atmosphere, due to 
scattered sunlight, topped by a haze of submic- 
roscopic particles 

. tOtti 









seems to be unsteadily rotating at a 
strange angle instead of on its short 
axis as a stable object should. 

Saturn's radio emissions were so 
powerful that they could be detected 
6(WI million km away. Bui for some 
reason, for four days Saturn turned 
off its radio emissions. 
Viwagcr I had shown that the north¬ 
ern hemisphere was a stronger emit¬ 
ter. Only for a short while during 
’ those four days, when the spacecraft 
crossed the ring plane was it blocked 
from the northern hemisphere. Sci¬ 
entists arc still debating the causes. 
Meanw'hile, bow-shock tail which 
was estimated at 35 Rs (Saturn radii) 
found to extend to 87 Rs. I'hc solar 
wind during the Voyager encounter 
may have been weak , is the explana¬ 
tion scientists offer for the long tail. 

One highlight of the present en¬ 
counter was to study the effect of 
Jupiter's magnetic tail on Saturn. If it 
were strong, the Voyager 2 would 
not have encountered a bow-shock. 
However, it did, implying that Jupi¬ 
ter's tail must have been elsewhere 
during the encounter. 

Fredrick Scraf who measured the 
oscillations of the electrically charged 
plasma caught some frequencies au¬ 
dible to the human car; he played 
back the sounds of Saturn on a con¬ 
ventional loiiilspeaker: it was an 



A composite of seven very small satellites 
of Saturn as photographed Aug 25 by Voyager 
2. These irregularly shaped bodies have been 
highly cratered by the impact of cosmic debris. 
The irregularity is probably due to fracturing by 
large impacts and is sustained by the rigidity of 

eerie whistling music with some his¬ 
ses and pops. The bow-shock sounds 
like waves breaking on a beach. Scraf 
and colleagues divided the data into 
16 frequency channels and played it 
through a 16-channel music synthe¬ 
siser. What emerged was a ntinule- 
long slow dreamy mild level basses 
surging and ebbing against a deep roll 
of basses and a high floating treble. 

There will be a deep lull following 
this hectic atiivii\. Mission scientists 


the bodies. The lighting angles and ranges 
here are different for each satellite; thus, true 
relative sizes are not shown. These objects 
range from about 10 to several hundred kilo¬ 
metres across 


have plenty of time to study their data 
till the Voyager reaches the next 
planet since no new planetary mis¬ 
sions have been planned. 

SUMATI SAMPEMANE 


Miss Sampemane is on the editorial staff of 
Scit NCE Today 


(Continued from page 57) 

CHARCOAL 

separate methyl alcohol. The yield of 
methanol is 1-2 per cent on dry 
wood. 

Acetic acid was earlier recovered 
by absorbing the acid vapours in lime 
and subsequently treating with acid 
to liberate acid from calcium acetate. 
The yield of acetic acid is 4 per cent in 
dry wood. In modem processes, an ace¬ 
tic ester or ethyl ether is used to 
extract the acetic acid in a counter- 
current manner. The extract is distil¬ 
led under vacuum to get raw acid 
which is processed for removal of 
other acids like propionic and butyr¬ 
ic. Azeotropic aistillation with butyl 
acetate or a specific fraction of wood 
spirit has also been suggested. 

The tar is used as fuel or distilled to 
get fractions which can be used as 
flotation oil, disinfectants, preserva¬ 
tives, etc. It has a calorific value of 
about 5,800 K.cal/kg. It degrades fast 
when heated and is also corrosive. 

Hie gas from carbonisation has a 
calorific value of 2000 to 3000 K.cal/ 
Nm^ with the following composition 
per cent carbon dioxide, 45-55; car¬ 
bon monoxide, 28-35; methane, 
3.5-10; hydrogen, 1-5; and ethylene, 
0-2. This gas can be used as 


a low calorific value fuel to replace 
furnace oil. The yield of gas depends 
upon the carbonisation process. 

Recovery of chemicals involves 
complex processing steps. With the 
prevailing petroleum prices, recov¬ 
ery may be economic if done on a 
large scale. In smaller units, the pyro¬ 
ligneous liquor and tar may pose 
disposal problems. Under such cir¬ 
cumstances, it may be better to burn 
the entire volatile products, including 
liquor and gas, to generate power. 
Roughly, from a 250 t/day plant, about 
10 MW can be generated by burning 
all the volatile products. The volatile 
products can also be subjected to 
further cracking to improve the yield 
of gaseous products. Both these 
alternatives are worth considering 
when the recovery of chemicals is 
uneconomic. 

In conclusion, wood carbonisation 
as an industry offers good scope for 
the production of charcoal for use as 
domestic fuel, or in the chemical in¬ 
dustry, or for the production of acti¬ 
vated carbons. The by-product can be 
processed for the recovery of metha¬ 
nol, acetone, acetic acid, depending 
upon the quantity produced. Alter¬ 
natively, the* volatile products can be 
burnt and power generated. It is 
necessary simultaneously to plan for 
large-scale afforestation. 


Mr. Rau is Assistant 
Director, Regional Re¬ 
search Laboratory, 

Hyderabad. He took 
his M.Sc. from the 
Osmania University in 
1952. In 1963-65 he 
underwent advanced 
training in coal tech¬ 
nology in West Ger¬ 
many. His major activities have been in the 
utilisation of low-grade coals, wood car¬ 
bonisation and the processing of saw dust 
and agro-wastes. 


Dr. Vaidyeswaran i» 

Scientist (Director 
Scale), Regional Re¬ 
search Laboratory, 

Hyderabad. He took his 
Doktor Ingenieur de¬ 
gree from the Technis- 
che Hochschule. Karl- 
sruche. West Germany 
He has specialised ex¬ 
perience of utftisation of low-grade coal for 
energy and chemicals. Among the research 
projects he has handled are: low tempera¬ 
ture carbonisation for the production of 
solid domestic fuel; briquetting of chai 
fines, coke breeze, charcoal fines, etc, for 
the production of domestic fuel, and com¬ 
plete gasification of coal. He has been 
convenor of an expert panel on 'Xoai 
Utilisation for Import Substitution in Ener¬ 
gy Sector'' 
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The Ambrose Congreve 
Energy Award 

Announcing a new international award for ener^ conservation 
sponsored by Ambrose Congreve, Esq., C.B.E., Chairman of 
Humphreys & Glasgow Ltd., the international Contractors and 
Consultants. The award will be given for a paper or essay in English 
covering a research project, process, invention, design evaluation or any 
other work dealing with some aspects or method of conserving our oil 
and natural gas resources; the exploitation of alternative energy sources 
or with improved methods of energy utilisation. 

The award will be divided into two sections, the first concerned with 
fossil fuels (oil, coal, oil shale, etc.) and the second with other energy 
sources (nuclear, biomass, solar, tide, wave, wind, geo-thermal, etc.). 

The judges will take into consideration the relevance of the entry to the 
needs and conditions of the country fi*om which it originates. 

Technical or economic reviews as such will not be acceptable. 

The Adjudicating Panel 

Chairman, Michael Kenward, Esq., Editor, the “New Scientist”. 
Professor Ian Fells, Professor of Energy Conservation, University of 

Newcastle upon Tyne. 

Dr. J. L. J. Rosenfeld, Shell Research Ltd., Chester. 

The Award 

The award in each of the two sections will consist of £1,000 and a 
certificate. In the event of a tie in either or both sections, the prize money 
will be equally divided between the joint winners. 

For an entry form and the rules and conditions of entry, write to any of 

the following addresses:- 

Humphrcys & Glasf^w Humphreys & Glasgow Humphreys & Glasgow 

Ltd., Ltd., Consultants Private Ltd., 

22 Carli.<ile Place, ' 77 Pacific Highway, Gammon House, 

London SWIPIJA, North Sydney, NSW 2060, f^varkar Marg, Prabhadevi, 

England. Australia. Bombay 400025, India. 



iHcitr much do you kncrw about liw MOOI 




Myths and lor# about tha Moon ara countlass. Though no longer out of reach, a lot of its 
secraU are yet to be unravelled. The Moon affects the Earth in severai ways. How7 Listed 
beiow are 15 questions and with three probable answers. For the correct answers turn 
overleaf. 


1. The mean distance of the 
Moon from the Earth is about: A. 4().(KK). 
B. 400,(XK). C. 4,(KK).0(K) km. 

2. The Moon does not have an atmos¬ 
phere due to its low escape velocity, 
which is about: A. 2km/sec. B. 5 km/sec. 

10 km/sec. 

3. The Moon goes round the Earth once 
in a month. I’herc arc two lunar months, 
defined as the siderereal month and syno¬ 
dic* month. The sidereal month is; A. ab¬ 
out 2 days shorter than the synodic month. 
B. two days longer than the synodic 
month. C.the same as synodic month. 

4. -The lunar rocks differ in cht^ini.stry 
from terrestrial rocks. An element which is 
enriched is:A. Gold B. Silver C. Titafiium. 

5. What is the Harvest Moon? A. The 
Moon seen during an eclipse. B. The Full 


Moon near the autumnal equinox. C. The 
crescent Moim, ‘ 

6. The maximum daytime temperature on 
the surface of the Moon is A. 75“r B. 
l.rs‘>c. c;. 475"C\ 

7. The Moon and the Sun appear to be 
neafly of the same si/e in the sky. The 
angular diameter of the Moon is;A. 10 arc 
minute* . B. 30 arc miiuites. C. 1 degree 
of arc. 

8. -The average density of rocks on the 
surface of Moon is; A. equal to, B. more 
than. C less than the mean density of 
the Moon. 

9. What is lihration? .A. 3 he Moon 
coming out ol the solar tlisc alter a total 
eclipse. B. The surface areas of Moon 
wiiieh are seen in excess ol .“SO pei cent. C 
Fhe volcanic explosions on the Moon. 


10. The Moon causes tides on the ocean. 
What are spring tides? A. Tides that 
occur during spring. B. Tides that occur 
in sumrner. C. Tides on Full Moon and ; 
New Moon days. 

11. The centre <)f mass of the Earth-Moon 
system is situated at about; A. 16(K) km 
below the Earth's surface. B. 36(J0 km >1, 
above the Earth’s surface. C. KKK) km >!. 
above the centre of the Earth. 

12. What IS lunar iK'cullation? A. The ' ^5 
passage of the Moon between the Earth 
and a star. B. Shadows of high mountains J. 
on the lunar surface. C. Superstitions 
associated with the Moon. 

13. ITie distance between the Earth and the 

Moon has not always been what it is 
today. The Moon: A. is coming towards / 
the Earth. B. is going away from the ‘ 
Earth, C^ oscillates. :; 

'X 

14. Even during a total lunar eclipse, the ; 
Moon docs not completely vanish from , 
our sight. It looks dimly red due to: A. o 
the glow ol hot rocks on Moon emitting 
dim light. B. light scattered by Earth'S ^ 
atmosphere falling on the Moon. C. light , 
refleeted from the surface of the Earth. 

15. What is a “gibbous Moon"? A. Phase 

ol the Moon between New Moon and .v 
fust quarter. H, Phase of the Moon 
between thinl quarter and New Moon. C. 
Phase which is more than a semicircle. 
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Crescent Earth as seen from the Moon 


EARTH-MOON SYSTEM 



1 . —B: Due to the clliptiail nature of the 
Moon's orbit around the Earth, the 
Earth-Moon distance varies from 356,410 
km (shortest distance or perigee) to 
406,700 km (longest distance, or apogee) 
and the mean is 384,402 km from the 
centre of the Earth to the centre of the 
Moon. 

2, —A; T'he escape velocity at the surface 
of a planet depends on the mass and 
radius of the planet. For the Earth it is 
about 11 km per sec. For the Moon the 
escape velocity is 2.36 km per sec. The 
escape veltK-ity on the Jupiter, for exam- 
pie. is 60.22 km per sec. 

3, —A: The Moon takes about 29.5 days 
to go around the Earth, if the Sun is used 
as a reference point. This is the ()eriod 
between one Full Moon and the next and 
is called the synodic month. When the 
distant stars arc used as refcrerice points, 
the Moon completes one revolution 
around the Earth in about 27.33 days 
which is called a sidereal month, 

4. —C^: A detailed chemical composition 
study of Basaltic rocks from the surface 
of Moon points out that the elements like 
titanium, iron and magnesium are en¬ 
riched compared to terrestrial rocks 
whereas elements like gold and silver are 


depleted. A new mineral—opaque oxide 
of iron titanium and magnesium similar 
to ilmenite—^was found on Moon. This is 
named Armalcolite after the astronauts 
Armstrong. Aldrin and Collins. Titanium 
occurs upto about 10 per cent in lunar 
basalts compared to about 2 per cent on 
terrestrial ba.salts. In general the volatile 
elements are depleted and high tempera¬ 
ture mineral-forming elements are en¬ 
riched. This points to the fact that the 
matter which went to form the Moon got 
separated with a higher temperature con¬ 
densate accreting first. It also shows that 
the Moon was never a part of the Earth. 
It may have been formed in a nqarby 
region or may have been captured much 
later by the Earth. 



Lunar rock under microscope. The dark 
areas are due to the titanium-rich mineral, 
Armalcolite. 


5. —B: The Moon’s apparent eastward 
motion in the sky makes it rise on an 
average 51 minutes later every day. 
During the month of September, instead 
of rising 51 minutes late. Moon rises only 
10 minutes late every day in mid lati¬ 
tudes. At autumnal equinox, the Sun 
moves towards the south at its maximum 
rale and the Full Moon therefore moves 
northward at its maximum rate. This 
northward motion partly counteracts the 
M(X)n's tendency to rise late. A nearly-Full 
Moon will appear shortly after sunrise for 
many days which helps the farmer's 
harvesting with extended light. Hence the 
name “Harvest Moon". In the southern 
hemisphere the Harvest Moon occurs in 
March around the time of our vernal 
equinox. 

6. —B: Since the Moon does not have an 
atmosphere, the surface gets heated up 
fast and during daytime it may go up as 
high as 135"C. However, in the night it 
gets cooled, quickly to -170C, Even dur- 



Due the lack of atmoshere, the sky seen 
from Moon appears dark even during the 
day and a Moon-based observer can see 
the stars even at high noon. There is a 
greater contrast between .the lighted and 
shadowed regions and the temperature in 
the shade is as much as 305°C cooler than 
in the sunny region. Such a vast difference 
is unthinkable on Earth 


ing the day areas on the Moon in the 
shadows of high mountains and boulders 
are at temperatures less than the freezing 
point of icc. 

7.—B: The Moon's diameter is 3,476 km, 
which is only 1/4(K) that of the Sun. Since 
the Sun is also 4(K) times farther from the 
Earth, both the Sun and the Moon 
appear to have the same size of about 30 
minutes of arc when viewed from Earth. 
This chance coincidence is responsible for 
the total solar eclipses. 



8 . —A: The density of rocks on the 
su/fate compared to the mean density of 
a planetary object gives some informa¬ 
tion about the internal structure of the 
planet. The rocks on the surface of the 
Earth arc generally of a lower density 
than that of the Moon. The rocks of 
Moon have a density which is equal to the 
average density of the Moon 
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gms per cc.) The average density of 
b:arth is about 5.5 and the rocks on its 
surface have a density around 2 to 3. This 
indicates that the core of the Moon may 
not be enriched in heavy elements where¬ 
as the core of the Earth must contain 
heavier elements to make the average 
density of 5.5. 

9.—B: Due to the fact that the period of 
Its revolution around the Earth and its 
iixial rotation period are the same, the 
Moon always shows tfie same face to us. 
However, during each lunar month wc 
can see about nine per cent more of its 
surface because of slight changes in its 
orientation towards the Earth. These 
apparent tilting motions are called libra- 
tions. The entire far side of the Moon was 
first seen by the Luna mission of the 



The shaded areas come into view alter¬ 
nately as tffe Moon apparently wobbles in 
Its orbit around the Earth 



The far side of the Moon is more uniformly 
cratered than the side facing Earth. Those 
expansive "seas" or mares are characteris¬ 
tic of the Earth-facing side 

10.—C’: Even though the tides arc mainly 
uiused by the pull of the Moon, the Sun 


also contributes to the tidal force. During 
Full Moon and New Moon days, the Sun 
acts in the same direction as the Moon 
and this gives rise to higher tides than 
normal (both high and low). These are 
called spring tides. During first and thirti 
quarters of the Moon^ the Sun is in a 
perpendicular direction (and acts oppo¬ 
site to the Moon) giving rise to a high tide 
of smaller than normal amplitude—this is 
the neap tide. 

11. —A: The centre of mass of the system 
of two objects lies nearer to the heavier 
object. If the secondary object's mass is 
very small, the centre of mass of the 
system essentially lies at the centre of the 
primary object, in the case of the Moon, 
it being massive, the centn * of mass is 
situated only about ^m below the 
Earth’s surface. If they were of equal 
mass and si/e. the centre of mass would 
lie equidistant from their centres. 

12. —A. When the Moon comes between 
the Earth and a .star, it is called a lunar 
occultation. Such occultations are astro¬ 
nomically useful for understanding the 
envelopes of stars. 'Hie dimension of the 
Crab nebula in X-rays and radio waves 
and its structure could be got in detail 
during the occultation of the Crab nebula 
by the Moon. Such an occultation also 
reveals that the Moon does not have an 
atmosphere. The star vanishes abruptly 
when occulted by an atmosphcrelcss ob¬ 
ject. the presence of an atmosphere is 
revealed by a gradual dimming. 

13. —B: f-rom <i very accurale measure¬ 
ment of the distance between Earth and 
Moon (which can be measured with an 
accuracy of alnuil 10 cm using laser 
reflectors kept on the surface ol the 
Moon by Apolh^ astronauts) it is clearly 
proved that the Moon is receding from 
the Earth. This is also anticipated fiom 
the nature of tidal friction which the 
Earth-Moon system undergoes. The tides 
caused by the Moon on the Earth slow 
down the rotation of the Earth and hence 
its angular momentum, and the conserva¬ 
tion of angular mbmcniiim demands that 
the Moon should go away fiorn the Earth 
to orbit with a higher angular momen- 
lum. In tact, it is believed that ihe Moon 
was very close to the E.arlb some billions 
of years ago when the day on the Earth 
was about 10 hours instead of the pre¬ 
sent 24 hours. The study of the ancient 
corals also points to the fact that the days 



^ in the past were shorter leading to more ; 
nunfber of days per year. This fact was ^ 
found from counting the number of fine ridgs ' 
that are formed in the coral in its annual 7 
growth. This fine rings appear once a day 
due to temperature variations (during 
day and night) during the growth of the 
corals. When the Moon goes v^ry far | 
away from Earth, it will appear much ; 
smaller and total solar eclipse will not 
occur; then there will be only partial or 
annular eclipses. 


14.— B: The light that we see during a 
total lunar eclipse is due to the light 
refracted by the Earth's atmosphere ^ 
which falls on the lunar surface. If the 
Earth had no atmosphere, a total lunar ■.' 
eclipse will really be total—without any ; 
light on the lunar surface. The intensity . 
of light falling on the Moon during a total 
lunar eclipse depends on the weather ", 
conditions prevailing on Earth. Howevel* 
this is not the same reason why during its 



Earthshine on Moon is much bri^htor than 
moonlight on Earth not merely because 
Earth is bigger but also because its albedo, 
that is surface reflectivity, is higher. The 
faintly visible dark portion of the Moon at 
its crescent phase immediately after New 
Moon —commonly known as the old Moon 
in the hands of the new—is due to Ear¬ 
thshine 


crescent stage, the dark portion of the 
Moon is still visible. 'This phenomenon 
known popularly as the old Moon in the 
hands of the new is due to Earthshine on 
the Moon. 



The phases of the Moon as seen from Earth 
(inner circle) as it swings in orbit (outer circle) 


15.—C: The shape of the Moon between 
half and full (greater than semicircle) is 
called a gibbous Moon. Gibbous meaning 
convex or protuberant. 

V. S. VENKATAVARADAN 
This quiz was prepared by Dr, VENKATA¬ 
VARADAN, Director of the Nehru Ptenetar- 
• ium Bombay 
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every meal. It protects you just the way odour and decay causing 
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paied.|^'iiB^^-¥l"ti^ tfwi «Mf. ilmf> 
wicb^i 4 maite . wtaicii jittapstingly 
tuiw'-oitli^M'«'iMCor' of ■'Ae 'imnAber 
san^wMS/'-'^': •■;■;.■■■•. 
■iaa^‘-=pvB^x«z / '■■ 

■ *t' 23" ■ 

Il«7|',i<*’t37. X» ■ 

HWSttaf 147 
Wflsjl X 21 
iMsiMi * iteMmi X 21 
15810331 «« 5882333 x 27 
13^5791 «* 32631579 x 29 
1769230771 • 76923077 x 23 
143478260871 -> 4347826087 X 23 
It all depoia^.i^ (d(MA8 «4iidt^«^ 
ber to sanidtvli# And twre ii an easy way 
of selectinf it w^. we make a number 
sandwich ptHin 11. If Ihn 8nal sandwich is 
to have n then aU we need is that 
the number M a factor of + 1). Of 
courm,iftiiiB4imwork,(10"'' + l)miist 
not be a prime-Bor example,. 101 is a 
prime niih^. 18^ 101 haa flnite'^giei; . 
we wont hive duT kind of threo^git 
Ksndwidi from the sHces of 11. 

What happens when we sandwidi a 
number Into the two slices of 11? Whm 
we actuaUy do is add 10 times the 
sandwiched number to (10^* -t-1). Take 




.f^axaiji timin, Ir obr hihilMF'i 

rtiatad to the __ 

■ fRMn'U. Howevw, 

«iken to adjint^hkt^y b|aiibl8^ 
to be inserted; it mutt hiwe (itr>'2) 'di|^. 
So. add 

Urn 1eA4^ mde. TOt mniii^plc,’19^.« 
factoi;.«^ 10091;. so while hMimhm ft i»o} 
add.a.aeio'to the left-haiiS 
humber lamfWich Ik 10731 mid.not 1731.. 
Our method will also not work Vfm.thie; 
factor has more than fO’*'2) jfijgitii. 

One Actor of dm mtmt^ kmuhHch , 
then is dearly Ae nwiAtt aw'liiBat, Av 
the abovacase, 73. WhmiAcwtdieadlar^ 
factor? It is the other Ador of (10^' 4-1) 
plus tea. Thus, A the-abow-«aiiiiiiiet 
10001 » 73 X 157, so die other Aoior of* 
Ae nmber sandwidi is 137 4- 16 » 147. 

Inddentally, our seventh sandwich, 
158823531, is related to a smaB enror in 
KaixeksrVpieiM. 11 |op>fUied sdAsewen 
lerois. l(jOOOO601, & not k piliho.» It 
Actotises into 5882353 X 17: and our 
oumhersAidWAhA, - ’ - 

> 158823531 - 5882^X27. 

K. N. GORDMAhlOAB 


Mr. dordhandaa is a mining anoinesir in 
Bombay. 



About the peculiarities of 1089 


Among the four-digit numbers, 1089 has 
r\vo unique properties (Sc itNc r'I’ odav, 
September 1981, 69). Firstly, it is the 
only number which reverses the order of 
Its digits when multiplied by 9. Secondly, 
ii is the only number that satisfies the 
“same old number property”. Take a 
number and add to it the number formed 
by reversing its digits. Now take the sum 
and subtract from it the number formed 
by reversing the order of its digits. If the 
result is the same as the original number 
then it has the “same old number proper- 
*v”. Here is a simple proof of the two 
unique properties. 

Let ahed be the four'digit number that 
’Satisfies this property. Then, 

abed X 9 a= dcha A 

abed X deba = (abed) (1+9) 
» (abed) x 10 

abed 

^deba 

abedi) -B 

From A and B we can find the values 
(f^bfC and d. Obviously a cannot bp 0, 
«iherwisc the number would become a 
J{|[[ce-digit number. Also, a cannot be 


equal to or larger than 2 because then 9 x 
abed, which according to A should be a 
four digit number Would become a five 
digit number. So, a = 1. By a similar 
argument we find that b must be eitherxO 
or 1. 

Let us now consider B. Adding the 
units place wc have d + n = 10, so that d 
= 9. Carrying on the addition, the next 
digit is d ” 9 so we get b + r + 1 == 9 or 
19. Since h is either 0 or 1, b + r + I 
cannot be 19 and we have 

^ r + 1 == 9-C. 

The next digit in the addition must give 
the digit c so that b + c = c or c ,+ 10. b ^ 
c cannot be c + 10 because then b = 10. 
So b ■¥ c = c and b = 0. Substituting in.C, 
wc get c = 8. Thus 1, 0, 8 and 9 arc the 
unique values for a, b, c, and d, respec¬ 
tively, and 1089 is the unique number. 

What about the “same old number 
property’’? If we show that a number that 
satisfies it must reverse its digits when 
multiplied by 9, then 1089 will naturally 
be the only four-digit number which has 
the “same old number property”. This 
can easily be shown. 


Let us write the number we get by 
reversing the digits of a number A as 
Arcv,'^c must then have, 

A + Arev *= B D 

and B - B^v = A, 

B = A + Brev — . E I 

From D and IZ we can write 

Afcv *" ®rcv F 

This means that B, the greater of B and 
A, must be 10 times A, But if B »= lOA » 
A + Arev then A^v = 9A, and only 
1089 satisfice this relation. | 

Five-, six-and seven-digit numbers j 
satisfying these two properties can be 
very simply derived from 1089. Break it 
into two parts, 10 and 89, and just insert ' 
nines between them. 10989, 109989, and 
1099989 arc the numbers with five, six 
and seven digits, respectively, which 
satisfy the two properties. 

It is also easy to see why 1089 can be 
expressed only in one way as the sum and 
difference of two primes. This is because 
all primes except 2 are odd. If we have to 
sum two primes to get an odd number, 
one of them has to be even, and that can 
only be 2. Also, if wc have to subtract 
one prime from another to get an odd 
number, one of them has to be even and 
must therefore be 2. That is why 1089 =■ 
1087 + 2 and 1089 = 1091 • 2. 

Incidentally, the three odd numbers 
involved will have to be consecutive odd 
numbers, with the non-prime sandwiched , 
between the two primes. And also, pre-1 
ciscly for that reason, there are no prime 
numbers which can be expressed as both 
the sum and difference of two prime 
numbers. 

D. V. RAMA KRISHNA 

Mr. Rama Krishna atudiaa at the Engineer¬ 
ing Collage,.Anantapur, Andhra Pradesh. 








‘Apkasutetogive...ajoytottcdve 

Wonderful Cruiser gift sets: nestling in cozy gift packs. To greet the 
happiest New Year, congratulate a newly-wed couple, or a bright student. 
Choose from an attractive range, including the distinguished 
^ Cruiser Quartz... and celebrate! 
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... how fishes stand still in water? 


Fishes exhibit a fascinating variety of 
movements, though normally the com¬ 
mon one is that of swimming freely in the 
water. In order to fit well in their ecolog¬ 
ical niche and habitat, different fishes 
swim strongly or slowly, glide or jump, or 
even fly. Accordingly, their shapes also 
vary widely. But how do wc account for 
the fish poised still in midwater? At one 
stage or another, many of us must have 
seen this sight in an aquarium, with the 
fish exhibiting only a slow, lazy motion of 
its anterior fins—the pectoral fins, 
apparently to offset the forward move¬ 
ment due to the water flowing backward 
out of the gill-covers. This ability of a 
bony fish to hover in water like a hum¬ 
ming bird without active mu.scular action 
is due to the presence of an organ—the 
gas bladder, unique to fish. 

To float, hover, or to 'stand’ still in 
midwatcr, the fish must displace just the 
amount of seawater equal to its weight. 
In such a case, the buoyant force (equal 
to the weight of displaced seawater) just 
balances its weight allowing it to idle in a 
stationary position. But fish tissue is 
much heavier than seawater and will dis¬ 
place much less water. The bladder helps 
It to displace sufficient water, but it must 
have the right size. Calculation shows 
(hat the bladder volume should be about 
4.6 per cent of the total body volume ; in 
practice, too, we find the proportion to 
lie between four and five per cent. 

The gas bladder (commonly called the 
swim or the air bladder) resembles a 
balloon-like sac and is filled with gases (a 
mixture of oxygen, carbon dioxide and 
nitrogen). It lies in the body cavity of the 
fish just below the kidney and above the 
stomach and intestine. It originated as a 
diverticulum or an appendage of the 
digestive tract. Primitive teleosts (ray- 
finned bony fishes, for example, herring) 
retain this connection, where the bladder 
IS attached to the gullet (a condition 
called physostomous), while the more 
advanced teleosts (perches, etc) have 
done away with it (physoclistic). In other 
unrelated fish lines, the swim bladder has 
assumed important functionsr-like that 
ot a lung, or at least as an extra breathing 
organ richly supplied with blood vessels. 
Not surprisingly, such fishes drown easily 
when denied access, to the surface, even 
in well-oxygenated waters. 

In rare instances of deep sea fishes 
even oil is present in the bladder, while 
bottom-living and deep sea forms have 
cither drastically reduced or even have 
no swim-bladders. They have no use for 
it The developmental pattern of the 
bladder follows that of lungs of land ver¬ 
tebrates and not of the digestive tract. 
I'resumably, these structures have a 
^otnmon design in primitive fishes. 


40 metres 20 metres Sea level 
Fig 1. Expansion of swim-bladder 

Where the bladders have assumed a 
role in deciding the depth of water at 
which the fishes have to live, their action 
is highly sophisticated in adjusting the 
amount of gases in the bladder. These 
gases are extracted from the blood by a 
gas gland, which covers a major portion 
of the inner surface of the swim-bladder. 
The gas gland gets its blood supply from 
the blood vessels of the retia mirahilia, 
branching into hundreds of subdivisions 
so that capillaries containing artt 'ial and 
venous blood run parallel to each other 
and intermingle (SciF.NCR Today, Janu¬ 
ary 1980, page 34). Hence, transfer of 
dissolved gases from the blood to the 
swim-bladder is achieved. 'Fhis increases 
the volume of the bladder and the fishes 
maintain buoyancy. 

If too much gas were produced in the 
swim-bladder, the fish would float up, 
without being able to go down. When the 
bladder is attached to the gullet, the gas 
escapes through the mouth. In a healthy 
fish, excess gases are also removed from 
the swim-bladder by the action of a spe¬ 
cial part of the swim-hladdcr called the 
“oval". This is a thin-walled, highly per¬ 
meable area of the swim-bladder richly 
equipped with blood capillaries. The oval 
is situated at the posterior ventral part of 
the swim-bladder and is surrounded by 
circular and longitudinal muscles. When 
the circular muscles contract, the oval Is 
closed, stopping the removal of gases. 


Retia 

mirabilia 


0 ) 

Physoclistous 

swim- 

bladder 




jVo liv^ 
To heart 


Xoeaophagus^"^' ■ i mi I ■ 

’"T 0 h"e art ^ 

swim-bladder 

To liver 

Fig 2. Diagrammatic representation of two 
types of gas-bladder (i) opening to the gul¬ 
let and (ii) closed gas-bladder 


Alternatively, when these muscles reiar j 
and the longitudinal muscles contract, 
the oval is exposed and the gases can be 
reabsorbed. i 

When a physoclistic fish, where the ^ 
swim-bladder is clo.sed and has no exter- j 
nal opening, is rapidly brought up to the 
sea surface, the oval cannot cope with, 
the fast-decreasing pressure and the gas^ j 
in the swim-bladder expand. (Accordihg\^ 
to Boyle’s law, gas expands as pressure; 
decreases.) The swim-bladder ruptures 
killing the fish. If one visits a fish market, ] 
one witnesses many a fish with theirj 
swim-bladders sticking out of their: 
mouths. Fig. 1 shows how a swim-i, 
bladder expands as a fish is brought up! 
from a depth of 40 metres (at which it is; 
under a pressure of five atmospheres) to j 
the surface of the sea (a pressure of one: 
atmosphere). 

Increases in pressure, as the fish diveSt 
deeper and deeper into the waters, have 
no effect on the oxygen dissolved in the 
water and which is breathed by the fish. 
But man and other air-breathing animals 
arc immediately faced with a serious 
problem, as soon as they enter or live in 
water. When (he animal dives, the 
increase in pressure decreases the vol¬ 
ume of the lungs. This forces the ga,ses 
into the blood. Large quantities of nit¬ 
rogen under pressure readily dissolve in 
tissues, and may lead to a toxic condition. 
Popularly termed as the raptures of (he 
deep or nitrogen narcosis, the results can 
be fatal. Alternatively, while rising, 
rapidly to the surface, the pressure 
decreases rapidly and nitrogen in tissues 
comes out in the form of bubbles. The 
result is again painful and often fatal. 

This situation is not faced by air- 
breathing animals that live in the sea and | 
dive to great depths. They have u unique j 
reflex action; before diving they exhale] 
rapidly thereby reducing the volume of| 
air in the lungs. The rale of heart beat 
decreases and blood flow is decreased to 
most parts of the body, except the brain 
and the heart. I 

Many fishes which live on the sea floor, I 
such as soles, gobies and blennies. do not 
have a swim-bladder. They have a body 
heavier than seawater and cannot hover, 
but have to exert muscular action for 
swimming at one level. T|;ic cartilaginous 
fishes, such as sharks and sting rays, also 
do not have a swim-bladder and cannot 
hover; but their enormous liver is rich in 
a hydrocarbon oil—squalenc, which has 
a specific gravity of only 0.86, much ‘ 
lower than that of seawater. This serves 
to counterbalance the weight in excess of 
seawater in other tissues. 

B. F. CHHAPGAR. 

Dr. Chhapgar is a scientific officer for 
aquatic radioactivity studies at the, 
Bhabha Atomic Research Centre. Bombay. 
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Itothins less than GdmiM 
the complete planned food 
for my family."' 






"'My husband is so busy, he often 
misses meals. COM PLAN gives 
him the nourishment he misses." 


"My son fusses over his food. 
COMPLAN makes sure he gets the 
proteins and other foods he 
needs to grov^." 


"My mother, who has just been ill. 

has lost her appetite. I find 
COMPLAN is the ideal nourishment 
during convalescence." 


Only 


is complete with 23 vital foods 
everybody needs. 0k 


Only COMPLAN has scientifically 
planned proportions of 23 vital 
foods the body needs every day... 
proteins, carbohydrates, fats, 
vitamins and minerals. It is the 
health drink most recommended 
by doctors. 

Available in delicious Chocolate. 
Cardamom-Saffron and 
Strawberry flavours—also Plain. 


V "Housework 

I tires me out and 

F I sometimes feel 

the need for extra 
nourishment. 
COMPLAN helps me 
give my best 
to my family.*" 


Coimilm 


-die complele planned food 


LINTAS-GLC I0.2SIS 




TOO IGO CAN to It 


Intruder alarm 

Seveiral commercial models of burglar 
alarms are available. You can install 
them at various points in your house. If 
you live in a flat, you can have a joint 
alarm system with your neighbours and 
the flats immediately above and below 
yours. Switch it on when you go out, and 
if your house is burgled, your neighbours 
will be alerted. 

If you have a flair for electronics you 
could build an alarm system for yourself. 
Ihis two-way alarm system can spot the 
culprits inside and outside your home. 

If you look at the circuit diagram of the 
intruder alarm you will know that the 
circuit -is the simple modification of the 
“t/ndervollage alarm for cars” (Science 
loOAY. September 1981, p. 73). 

To understand the operation of the 
device, the circuit diagram can be divided 
into three parts. The right-hand part of 
the circuit is the step-down transformer 
with rectifier filter to provide about 15V 
i)( fbr the operation of the device. The 
centre part is the audio oscillator using 
1(5.55 in an astable mode of operation. The 
left part i)f the circuit is for sensing 
interruption of the light beam and 
‘break wirt>”. When light falls on any one 
o1 the LDRs uninterruptedly, the ldrs re¬ 
main in conduction and keep the transistor 
in 107 in saturation. The transistor, 
ihrtnigh the “break wire”, keeps the reset 
terminal of the K 555 virtually shorted to 
ground. 

When the break wire is cut, the reset 


grounded and the ic 555 comes into 
astable operation. Similarly, when the 
“break wire” i.s continuous, but the light 
falling on one of the ldrs is interrupted, 
the increase in its resistance does not allow 
sufficient current to pass through the base 
of transistor IK 107. The collector emitter 
path, thus, is no more shorted, and the 
K" 555 Marts astable operation. 

The IC 555 used as an astable, that is, 
free-running multivibrator, has its trigger 
terminal 2 connected directly to the 
threshold terminal 6. Thus, to start with, 
the 0.1 mfd timing capacitor has no 
charge over it. This triggers the lower 
comparator which, through the control 
flip-flop and inverting amplifiei, drives 
the output high and simultaneously 
makes the discharging tran.sisior 014 
non-condiictive. This caii.scs the capacitor 
to charge through the IK and 4.7K 
resistors. When the capacitor charges to 
y^s Vec, that is, the threshold level of 
the upper comparator, it resets the flip- 
flop, which in turn drives the output to its 
normal low state and brings the discharg¬ 
ing transistor back to conduction. As the 
terminal 7 of the ic is now clamped 
to ground through the discharging tran¬ 
sistor, the timing capacitor, instead of 
charging, starts discharging through the 
4.7K resistor. The voltage across the 
timing capacitor falls. When the voltage 
falls to '/^ Vcc level, the lower compa¬ 
rator gets triggered and once again 
changes the state of output and discharg¬ 
ing transistors. This causes the capacitor 
to charge again. This completes one cycle 
and initiates the next. 


capacitor charge and discharge to ^ : 
Vcc and V^ Vcc levels, respectespcctivcly. 
The circuit.s go through about 15(K) cyciiit I 
of operation per second. The repetidVie; 
high- and low-going output provided by ^ 
this stage drives the loudspeaker-driving ! 
transistor and the loudspeaker produced 
an audio alarm. 


Installation of tha intrusion alarm 

a) Break’Wire part: The break-wire 
should be a very thin, easily breakable 
wire of about 36 ,swG or more. Between 
the two terminals, the wire should be 
electrically continuous. If enamelled cop 
per wire is used, the end of the wire 
should be cleaned properly with a sharp 
blade so that the insulating layer over the 
wire is completely removed. This wire 
can be run outside the house, dver 
fences, doors, windows, etc in such a way 
that the wire will break without the 
intruder noticing it. 

b) Photo-electric part: You may use 
one, two or three LDRi. If more than one* 
they have to be connected in series. 
Ordinary mains-operated lamps can be ^ 
used to illuminate the light-dependent* j 
resistors (LDRs). The i.DRs should be j 
mounted inside the tube and the tube i 
should be placed pointing towards the ! 
lamp. This type of arrangement cai^be I 
repeated three or four times at varioiLS < 
places inside the house. So when an j 
intruder comes inside the house, he will i 
interrupt the light falling on any one of 
the i.DRs. While placing the 1.DR&. make 


icrminul of the K no longer remains The process continues, making the sure that it is not illuminated by any light 







Outstandha resulls " ] 


WEST ZONE 
35 out of the 
first 50 


Jayanta San ^ 


EAST ZONE 
25 out of the 
first 50 


Subrata Bhattacharjee 


NORTH ZONE 
(Deihi) 

30 out of the 
first 50 


Praful Gundhi, 


NORTH ZONE 
(Kanpur) 

16 out of the 
first 50 


Pawan Agrawal ^ 

I 

SOUTH ZONE 
29 out of the 
first 50 


S.V. Ramu. 







from students of 
Agrawal Classes 
throughout INDIA 

In each zone our students have excelled at 
the l.l.T. JEE 1981. 

Names of some of the toppers are listed 
below. Our congratulations to all of them I 


NAME 

1. Jayanta Sen 

2. K. Padfnanabhan 

3. Dhaval B. Dalai 

4. Nilkanth N. Phadnis 

5. Parimal N. Shah 

6. Girish B. Kulkarni 

1. Subrata Bhattacharjee 

2. Jyotirmoy Daw 

3. Shekar Bapat 

4. Debasis Basu 

5. Sujoy Deb 

6. Arnob Roy 

1. Praful Gundhi 

2. Raj Agrawal 

3. Neel Madhav 

4. Rahul Mittal 

5. Vikrant V. Jituri 

6. Rajesh Rathi 

1. Pawan Agrawal 

2. Pavan S. Bhatnagar 

3. C. Venkatesh 

4. Pratyush Jaiswal 

5. Subir Varma 

6. Sanjay Srivaatava 


1. S.V. Rannu 

2. G.S.S.K. Srinivas 

3. Y.N. Lakshman 

4. R.H. Jayant 

5. Prashant D. Joshi 

6. Selvan Deyasahayam 


ZONAL 

RANK 


PLACE 

Bombay 

Pune 

Ahmedabad 

Sangli 

Bombay 

Bombay 

Narendrapur 

Calcutta 

Visakhapatnam 

Narendrapur 

Calcutta 

Calcutta 

New Delhi 

Nainital 

Jaipur 

Muzaffarnagar 
Faridabad 
New Delhi 

Kanpur 

Lucknow 

Kanpur 

Dehradun 

Kanpur 

Gorakhpur 


Nagarjunasagar let 

Nagarjunasagar 4th 

Mysore 6th 

Bangalore 7th 

Secunderabad 9th 

Madras 10tI 


AGRAWAL CLASSES 

CORRESPONDENCE DIVISION 
202. Prasad Chambers, Bombay 400004. 









Other than from the lamps mentioned 
above. A single lamp can also be used to 
provide illumination on more than one 
lor. Suitable arrangements can be made 
to hide the lamps so that they are only 
‘'seen*' by their respective LDRs. All the 
ldrs should be connected in series to the 
device. 

Remember, an alarm system must be 
undetectable to l^e effective. Hence, you 
have to hide it or camouflage it. 

You will nood: 

Semiconductors: 

Integrated circuit ic555—1 No. 
Transistors: BC 107—1 No.;2N5293 to 
2N5296 any one, or any other silicon 
NPN medium—power transistor 1 —No. 
i.dr— up to 3 Nos. 

Diode rectifier by —125—2 Nos. 

Capacitors: 250 mfd—25 V electrolytic— I 
No. Ceramic or polyester: 0.01 mfd—I 
No.; 0.1 mfd—No. 

Resistors (all ^/: watt type): lOK—1 No.; 
4.7K—1 No.; IK—3 Nos.; 100 ohms—1 
No.; 33 ohms—1 No. 


Loudspeaker: 8 ohms IW—No. 
Transformer: Pn: 230 V AC. See: 12.6 V 
at 100 mA—1 No. 

Approximate cost of the above compo¬ 


nents, using only one a>R. is Rs. 100 in 
Bombay. 

Misc: Fuse 500 mA with holder, wires, 
screws, suitable enclosure, rc experimen¬ 


ter's veroboard, enamelled copper wire 
36 SWG 100 gm, solder, etc. 

ANIL V. BORfCAtt 


5RAIN IEA3ER5 


Daughter's age 

I ASKtD Mrs. Sulekha, “What is your 
daughter’s age?” She replied, “The digits 
in her age arc the reverse of the digits in 
my age, but after five years she will be 
half of my age.” Can you find out her 
daughter's age (in whole numbers)? 

SHANAZ BATHUL 
(Solution next month) 

Solution to last month's 
Brain Teaser 

Square 

l.et a and b be the required digits. 
Now fl’ 4 b - ah - a square 

Let this square be (li-w/?)'. 
where nt is a whole number larger than I. 


u’ 4* 6' -ah = a'-2abm 4- m^b' 
b-a - bm'-lam 
h = «(2m-l) 
m-\ 

When m = 2, the digits are equal. 
When m - a = H and b = 5. 
When m > 3, « and/or b exceeds 9. 
Hence, the required digits are 8 and 5. 

"Add a square" 

Mr. B. A. Naik, Mr. S. P. Pathak and 
Mr. N. N. Nigam have sent an alternative 
solution to the Brain Teaser “Add a 
square” (June 1981). 

(h-^a) ih-J) - 1691 X 1. 

• - b - 846 and a = 845 
1691 4- 845’ - 846* 

Hence, the squares are 714, 025 and 
715, 716. 

'Lhis, too, is a correct solution— Ed. 


SCIENCE ACADEMY MEDALS 

FOR TOURS SCIENTISn-1982 


instituted by the Indian National Science Academy in 1974 these medals are 
awarded annually in recognition of the outstanding work of scientists below the 
age of 32 (as reckoned on 31st December preceding the year of award). Only 
those born on or after January I, 1950 are eligible for consideration in 1982. 


With the medal there is a cash prize of Rs. 5,000/-. 
considered for a research grant by the Academy. 


In addition, the recipient is 


Nominations for the awards for 1982 may be made by Fellows of the Academy, 
as also by established scientific societies of an all India character. University 
faculties and departments, or research institutions. 

The last date for the receipt of nominations in the Academy is December 1,1981. 

Nominations received in previous.year(s) will not stand carried forward. 

Nomination forms can be obtain'ed from the Indian National Science Ac^emy, 
Bahadur Shah Zafar Marg, New Delhi-110002 by sending a self addressed envelope 
of 28 cm X 12 cm size along with a cutting of this advertisement. 







MEDICIIl ENnUIKE 




Sunil Kumar Bansal 
- j. In Medical 
1&T Entrance 
Delhi '77 






Bhupinder Bhandari 
- in Medical 
ISl Entrance 
Delhi'78 


Rajiv Verma 
^ a In Medical 
2|\H Entrance 
Delhi‘78 




Sanjay Nijhara 

in C.P.M.T. 

in 1979 


Pradeep Mehra 
^ ^ in C.P.M.T. 

3rd 

in 1980 


Jaldaap Bhaduri Rohit Sahgal 

in J.E.E. jn Roorkee 

nill\ Bengal 9|%£l Engineering 


in 1980 


in 1980 
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HET1N(55 CALENDAR 

Dacamber 

30 Npv-11 Opc: Radiation emergency preparedness (health 
physics and medical aspects) for the region of Asia and the 
Pacific, IAEA seminar, RRC, Kalpakkam, Madras (Department 
of Atomic Energy) 

1«4: Incidence of infectious and chronic diseases - geographical 
perspectives, int. symposium, Madras (Department of Geogra¬ 
phy, University of Madras, Madras) 

3-5: Plant breeding and genetics, 4th annual symposium on 
plantation crops (PLACROSYM IV). Central Food Technology 
Research Institute, Mysore (General Chairman, Placrosym 
IV, Director of Research, Central Coffee Research Institute, 
Coffee Research Station 577117, Chikmagalur District, Kar¬ 
nataka) 

3-5: Advances in science and technology of mineral beneficia- 
tion in India, symposium, amd Complex, Begumpet, Hyder¬ 
abad (Department of Atomic Energy) 

9- 11: Flood disasters, int. conference, insa. New Delhi (The 
Executive Secretary. Indian National Science Academy, 1, 
Zafar Marg, New Delhi) 

I 9-18: Application of computer techniques for development, 
Kanpur (B. Raj Bhandari, UNEsro House, 17, Jor Bagh. New 
Delhi-110 (H)3) 

10- 11: Soldering in electronic component and instrument 
industries, solder seminar 11, Sea Rock Hotel, Bombay (Solder 
Seminar Secretariat, Indian Lead Zinc Information Centre, 
B-6/7, .Shopping Centre, Safdarjung Enclave, New Delhi-11(1 
029) 

0 

11: Indian Hospital Association,*21st annual convention. New 
Delhi (P. N. Ghei, Indian Hospital Association, Nirman 
Bhavan. New Dclhi-110 Oil) 

11- 13: Water resources conservation,- pollution and abate- 
menl, int. symposium, Roorkee University (Prof. R. J. 
Ciarde, Prof, and Head of Civil Engineering Dept., Roorkee 
llniversily. Roorkee-247 f>72) 

12- 16: Societies in transition; alternative for the future, int. 
seminar, Cuttack, Orissa (Prof. Chittu Ranjan Das, Institute of 
Oriental and Orissan Studies, “The Universe” Maitree Sarani, 
Cuttack-753 001, Orissa) 

14-19: Condensed chromatin and human X-chromosomes, 
symposium, Indian Institute of wScience, Bangalore (Prof. H. 
Sharat Chandra, Microbiology and Cell Biology Laboratory, 
Indian Institute of Science, Bangalore-560 012) 

14-26: Carcinogenicity, mutagenicity and teratogenicity, work- 
shop-cum-course, Bombay (Dr. M. CJ. Deo, Indian Associa¬ 
tion for Cancer Research, Director, Cancer Research Institute, 
Parel, Bombay) 

16-20: Neurological Society of India, annual conference, 
Visakhapatnam, A.P. (Dr. S. N. Bhagwati, Secretary, Neuro- i 
logical Society of India, Medical Research Centre, Bombay 
Hospital, Bombay-400 020) 

16- 20: Environmental education, int. conference, iari. New 
Delhi-110012 (Dr. M. S. Swaminathan, member. Planning 
Commission, Yojana Bhavan, Parliament St., New Delhi-IIO 
001 ) 

17- 19; Systems theory and its applications, int. conf., Punjab 

Agricultural University, Ludhiana, Punjab. India (Prof. R. K. 
Varshney, Organising ^cretary, International Conference on 
Systems Theory and Applications, Electrical Engineering 
Department, PAU, Ludhiana-141 004. _ 
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...the DNA repair mechanisms 
malfunction 


Deoxyribonucleic add (DNA) is the 
primary, genetic material of all cellular 
organisms. The two main functions of 
DNA are to replicate itself and to control 
cellular functions. Dna is organised into 
chromosomes, as a giant molecule, the 
replication of which must be accom¬ 
plished with high fidelity- Frrors during 
replication do occur, however, and these 
may manifest as mutations. Dna is also 
subiect to insults from external agents 
which not only affect its integrity, 
jeopardising the survival ot the cell hut 
also may result in increased mutation, 
cancer and even accelerated ageing. Dna^ 
repair mechanism has evolved not 
only to redress the damage induced, but 
also to modify the mutation frequency. 

The double-helical chain ot dna has 
four different building blocks (nuc¬ 
leotides) which are held together by com¬ 
plementary base-pairing. During dna re¬ 
plication, the two chains separate and 
each chain provides a template for the 
complementary strand, the .sequence of 
nucleotides of one strand fixing the sequ¬ 
ence of the opposite complementary 
chain. Dna is laterally differentiated into 
genes which are segments of specific 
sequences of nucleotides. Genes are ex¬ 
pressed by first specifying another nucleic 
acid (an RNA) and the information is then 
^translated' into proteins. 

Ordinarily there is only one copy 
of a gene in a haploid organism and 
two copies in a diploid organism. This 
relative uniqueness of the genetic 
material is reproduced with high-fidelity. 
If replication errors are not corrected, 
heritable changes in the genes-—muta¬ 
tions—may occur. The mutational varia¬ 
bility is the raw material for natural 
selection which thus could improve the 
adaptation of a species. On the other 
hand, most of the mutations are de¬ 
trimental and an increase in the insults 
caused by environmental agents could 
not only increase the mutational burden 
but also affect the survival of the cell 
itself. And, that's where the dna repair 
mechanisms come into play. 

A number of dna repair mechanisms 
coping with diverse types of damage have 
been discovered. An early discovery was 
of the so-called excision-repair mechan¬ 
ism of ultra-violet radiation (UvHnduced 
damage in the colon bacterium coli. The 
main damage induced in dna by uv radia¬ 
tion results in a pyrimidine dimer—a fu¬ 
sion of two adjacent pyrimidines (thy¬ 
mine and cytosine). If not corrected, the 
DNA replication stop^ at the dimers. 
Strains deficient in a gene concerned with 


DNA repairs survive poorly. This excision 
repair is error-free, which is to say that no 
mutations are produced after repair. But 
there are other dna repair mechanisms 
which are error-prone. Thus if a cell is 
deficient in excision-repair, some of the 
repair can be carried out by post- 
replication repair which, however, is 
error-prone yielding a high frequency of 
mutations. 

A recently-discovered adaptive 
mechanism is even more interesting. If 
bacteria initially receive a low dose of a 
mutagen and a carcinogen, say,N-methyl- 
N-nitrosoguanidine (MNNG) and are 
subsequently exposed to a high (challenge) 
dose, they usually become resistant 
and survive without undergoing any 
mutations. This observation finds a paral¬ 
lel in an animal system in which rat livers 
pretreuted with low levefci of carcinogen, 
dimcthylnitrosamine, show an enhanced 
level of repair capacity. R. B. Setlow of 
Brookhaven National Laboratory, once 
jokingly said in a seminar on adaptive 
mechanisms, "who knows, exposure to a 
little bit of mutagen/carcinogen may be 
good for you” 

If the DNA repair capacities have such 
profound effects on cell survival and 
mutagenesis, then what about their im¬ 
plications for carcinogenesis? One of the 
theories implicates somatic mutations in 
carcinogenesis. In support of this hypoth¬ 
esis, a majority of carcinogens have found 
to be mutagens in bacteria. Therefore, de¬ 
ficient DNA repair capacities enhancing 
mutation frequencies would have strong 
implications for carcinogenesis too. 

In humans al.so a genetic condition im¬ 
parting deficiency of dna repair has dis¬ 
astrous consequences for the patient. 
Thus, xerodermai pigmentosum (XP) pa¬ 
tients with a DNA repair disorder develop 
multiple, malignant changes in the skin 
during childhood and early adult life, un¬ 
less exposure to sun (uv light) is avoided. 
Mutation frequency is also affected. 
Apparently, the increased mutagenesis is 
due to the slow removal of carcinogen- 
altered bases and, therefore, a higher 
probability of inducing mutation at the 
replication point. 

There are other genetic disorders in 
man (for example,Fanconi's anemia and 
Bloom's syndrome) where deficient re¬ 
pair systems and consequently increased 
carcinogenicity arc implicated, bven for 
Ataxia-telcngiectasia (AT) condition, it 
was considered that there is a repair- 
defect for X-ray induced damage. Surpris¬ 
ingly, AT cells exposed to x-radiation do 
not show the normal delayed response of 


DNA synthesis. From this observation it is 
inferred that the defect is tn the response 
to DNA damage. 

Although, the probto of ageing is 
perhaps even more intractable than that 
of cancer, there is nevertheless some cir¬ 
cumstantial connection between the 
cellular repair capacity and ageing. A 
rare genetic disorder, progeria,is associ¬ 
ated with premature-ageing and early 
death. Here, cells were found defeetb^e 
in the repair of gamma-ray damage. A 
gross correlation has been provided be¬ 
tween the life-span of a species and its 
repair capacities. Seven mammalian spe¬ 
cies were studied and the inference was 
that unrepaired alterations in the struc¬ 
ture of DNA could lead to a shorter life¬ 
span. 

Discovery of the dna repair systems 
was made in the course of basic 
radiobiological studies, and soon the con¬ 
nection between some of the repair sys¬ 
tems and mutagenesis became apparent 
Thus, DNA repair is not only crucial fot 
the survival of the cell but also provides 
optimal mutation rates for the organism I 
t« adapt. Speculatively, the breakdown I 
or deficiency of repair systems could also 
lead to an increase in errors which may 
eventually result in increased cancers or 
even accelerated ageing. Our deeper 
understanding of dna repair systems 
could provide the necessary framework 
for a systematic attack on the problems of 
genetic burden, cancer and even ageing. 

N. K. NOTANI 

Dr. Notani is with the Biology and Agriculture 
Division, BARC, Bombay. 
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UNIQUE GOATS OF 
BARREN ISLAND 


The high degree of salt 
tolerance of the desert goats 
C*A New Look at the 
Goat’*, Sctenoe Shapes Life, 
April 1961) reminds me of a 
flock of400 to 500 feral 
Indian goats that I had seen 
during 1965-67 in the course 
of my naval duties in the 
Barren Island, also called the 
Goat Island, about 145 km 
north-east of Port Blair. 
There was no source of sweet 
water anywhere on this tiny 
island, and the goats merrily 
thrived on sea water 
(average salt concentration 
34g/kg), without any sign of 
discomfiture. Legend has it 
that the goats we saw there 
were the descendants of a 


Haksar (Letters, September 
1981) that absurdities of the 
scriptures must be defied. 
Bertrand Russell, in An 
OutUtie af InielliClual 
Pubbish, satirises the 
* irrational attitude of fimatics: 
‘Tn practice, people choose 
the book considered sacred 
by the community in which 
they are born, and out of that 
book they choose the parts 
they like, ignoring the 
others. At one time, the 
most influential text on the 
Bib/e was: ""Thou shall not 
suffer a witch to live.’ 
Nowadays, people pas-s over 
the text, in silence if 
possible, if not, with an 
apology. And .so, even when 
we have a sacred book, we 
still choose as truth whatever 
suits our owA prejudices.’* 


to demonstrate. What Is 
remarkable is that we do not 
see a hole in our visual field. 
The reason is partly that we 
have no means of detecting 
the edges of the hole and 
partly that our brain fills in 
the hole with visual 
information borrowed from 
the immediate 
neighbourhood. Our 
capacity for deceiving 
ourselves about the 
operation of our brain is 
almost limitless, mainly 
because what we can report 
is only a minute fraction of 
what goes on in our head. 
This is why much of 
philosophy has been barren 
for more than 2,000 years 
and is likely to remain so 
until philosophers learn to 
understand the language of 
information processing.” 


which is otherwise much ' 
slower as in unmyelinated 
fibres. Although it is well. 
known that oligodendro 
are concerned with the 
production of myelin, it is ^ 
not clear if each segment 
produced by a single 
oligodendrocyte cell as v.h. 

implied in your columns. 

In multiple 
sclerosis-affected organs 
the central nervous system^.:,^ J 
no virus has been detected; 
nevertheless, the | 

cerebrospinal fluid has heed- 
found to contain antibodiea Vi'l 
apinst common infecting J 
viruses like the measles viiiiai:| 
The clinical signs in multipig 
sclerosis arc typical and it Is i 
characteri.sed by remissions 
and relapses; its pathology is'| 
also well understood. \ j 
However, the cause of the 


few survivors from a 
shipwreck that managed to 
swim ashore in the distant 
past. No one apparently 
knows the det^ls, but lack of 
predatprs including man and, 
more important, the goat’s 
acceptance of sea water, 
must have accounted for 
their sizeable population on 
the island. In fact, these 
animals were so much 
accustomed to drinking 
saline water that we found it 
hard to induce a few of them 
to take to sweet water. 

I wonder if there are many 
such instances of livestock 
breeds which live on sea 
water. If not, the Barren 
Island goats must be truly 
remarkable and may call for 
serious scientific 
investigations. 

COMDR. I. S. BHATIA 
(Retd.) 

Sagaran P. O. 

Jodhpur (Rajasthan) 


ARE THE SCRIPTURES 
RELEVANT? 

A MAN must be brave 
enough to accept that beliefs 
are not eternal. Sticking to 
ancient scriptures without 
p^spg head to thdr 
oontcmpni ai y itlevance 

endorafe the view cfP.N. 


ARUN GAUR 
English Department 
Punjab University 
Chandigarh 


True Islam would support 
whatP. N. Haksar says. The 
history of Islam shows that 
the self-appointed rulers 
after the death of Ali 
discouraged pursuit of the 
mind! The children of 
Fatima, Mohammad’s 
daughter, favoured learning 
with remarkable liberalism. 
They were not devoted to the 
past, as with Mohammad's 
precepts, to light the path. 
They devoted themselves to 
the development of 
humanity, and so to the 
cultivation of science and 
learning in all its branches. 

SYED AHMAD ALI 
Guzri, 
Patna 800 008 


. Mr. haksar has used the 
word ^philosophy” in his 
letter. 1 am reminded of an 
article “Thinking About The 
Brain” by F. H. C. Crick in 
the September 1979 Scientific 
American, where he writes; 
“...Perhaps a more dramatic 
illustration is the presence of 
a blind spot in ea^ eye. Not 
everyone realites be has a 
blind spot, although it is easy 


K. C. GEORGE 
Kottavathuckal 
Paiai 686 575 
Kerala 


ANATOMY OF NERVE 
FIBRES 

In “Multiple Sclerosis: 
Looking for the Cause” 
(Science Shapes Life, August 
.1981), there is s6me 
confusion about the anatomy 
of nerve fibres and myelin 
sheath. A single nerve fibre 
is really an axon (the 
extended process of a nerve 
cell through which nerve 
impulse travels down from 
the cell body) surrounded by 
layers of myelin. The 
sentence, “Each segment of 
these fibres (nerve fibres) is 
completely embedded in 
lamellar myelin” is not quite 
correct because it is the 
myelin and not the nerve 
fibre that is segmented. 
Further, the nerve fibre is 
not “completely embedded 
in myelin”, but at repeated 
intervals along a fibre there 
are regions where it is not 
covered with myelin. This 
gives the appearance of 
nodes to the myelinated 
nerve fibres and are referred 
to as the nodes of Ranvier. 
The presence of these nodes 
facilitates speedy 
propagation of impulses 


disease ointinues to elude 
the scientists and, in the 
absence of a known cause, a : ' 
rational therapy is not ' 

available as a permanent 
cure. ,? 

MANJARl MUKHERJE5^ 
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Applications or 
nominations are invited for 
the Prof. T. R. ' r 

Govindachari 60th Birthday i- 
Commemoration Award. 
Bio-data (4 copies), inclusive,' 
of a five-page summary of ./ 
original research 
accomplishments, and a list 
and set of reprints of 
publications must reach us 
before 31 January 1981. 

The award, which is to be 
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with a minimum of 15 years ' 
of teaching-cu‘m-research 
experience, carries 
Rs. 5,(X)0 in cash. Further 
details can be had by sending' 
a 35p self-addressed 
envelope. ’ 

7’HB REGISTRAR^ 
University of Madrais 
Madras 600 OffS;; 




* MiUJ 1H' 

nk|iT T MU' 


11 lltiMi ml 




StMctad in 
Mhi, JIPMER, 
Pondichtrry, CMC. 
Ludhiana, Madical 
Coilaga, Calcutta, 
i.M.S., Banaras. 
MadicalEntrance, Dalhi 
A.F.M.C.,Puna. 


2nd in Pra-Madical 
Panjab. 

12th in Madical 
Entrance, Dalhi 
(4th among girls). 
Salactad in CMC 
Ludhiana. 


Sandoap Khurana 


Pan jab. 2nd in 
C.M.C., Ludhiana 
4th in P.M.T. Panjab, 
11th in Madical 
Entrance Dalhi, Also 
Salactad in A.I.I.M.S.. 
Delhi. 


a a a. de THIS 15 REPEAT OF ALMOST EVERY 

PAST YEAR 

ENSURE YOUR SUCCESS THROUGH OUR COMPREHENSIVE 

CORRESPONDENCE COURSE 

CORRESPONDENCE COURSES ALSO FOR 

• l.l.T. fr ENGINSRING ENTRANCE 

• N.T.S.E. X/XI/XII 

• BANK PROBATIONARYOFFICERS'EXAMINATION 

• ASSISTANTS' GRADE 

• INCOME TAX INSPECTORS' 

• M B A. ENTRANCE 

ALSO PERSONAL TUITION CLASSES 
HOSTEL FACILITIES EXIST 


Anita Daawal 

1^4. in BJ. 

Asbl* Madical 
Coilaga, Puna, 

3rd in A.F.M.C., 

7th in Madical 
Entrance, Delhi 
14th in JIPMER 
Pondicherry, Also 
salactad in A.I.I.M.S., 
Delhi, M.G.I,M.S., 
Wardha, J.E.E. 
Bangalore, M.P. 

Shah Madical Collage 
Jamnagar, I.M.S., 
Banaras. 


Rajnaaah Duba 

4 m 4, in A.F.M.C. 
ASH* Puna, (Poona) 
7th in I.M,S., BHU, 
Varanasi. 


SACHDEVA NEW R T. COLLEGE 


29-T, PATEL ROAD, PATEL NAGAR, NEW OELNI-110008 
32-T, NEHRU PUCE. NEW OELHI-IIOOU 















Threshers fire not 
for maiming 

E very year many farm workers are rushed to city 
hospitals during the wheat threshing season (mid- 
March to mid-June) in the North, either with chopped or 
severely injured arms or hands. In a large number of 
cases, the patient is saved only by amputating the arm, 
crippling him for life. And the number of thresher 
victims, already very large, is increasing every year. 

The Central Ministry of Agriculture, in a booklet 
entitled “Avoid Thresher Accidents**, estimates an annual 
thresher casualty of over 1 ,(KK) persons (‘•annuar’ in this 
case means only during the three months when wheat is 
threshed). Let us see the statistics from hospitals in 
Delhi city alone: half way through the 1980 season—up 
to 7 May from the middle of March—^98 victims 
(including 40 who had to undergo amputation) were 
admitted to Safdarjung Hospital and 58 (including 15 
amputated) to Lok Nayak Jaya Prakash Narayan (JP) 
Hospital. By contrast, the figures for the entire 1979 
season were 140 at Safdarjung and 58 at JP Hospital. In a 
single month in April 1981, 25 cases were recorded at 
Safdarjung, 29 at JP Hospital and 68 (also including 
victims ot the Kohlii, the sugarcane crusher, and the 
printing press) at Hindu Rao Hospital. All these victims 
come from the rural areas of Sonepat. Panipat, Meerut, 
Cihaziabad. Bulandshahr, Gurgaon, and Delhi regions, 
all wUhin a radius of KM) km of Delhi. 

Wheat threshers are widely used, mainly in the 
wheat-growing northern states of Punjab, Haryana. Uttar 
Pradesh, Rajasthan. Bihar and the Union Icirilory of 
Delhi. According to rough estimates, there are over two 
lakh and thirty thousand threshers in Punjab alone. The 
total number of wheat threshers in the country at present 
is estimated at about ten lakhs. 

Mechanical and power threshers were introduced as 
a direct consequence of the “Green r^evolution" and the 
high-yielding varieties of wheat. Faced with phenomenal 
yields, the big farmers were unable to thresh their crop 
before the onset of the monsoon by conventional means 
(the phaUa method using animal power). The big 
landlords needed faster means of getting on with the job, 
and a number of small-scale industries, which were then 
emerging in Haryana, Punjab and the Union Territory of 
Delhi, came forward to provide the means; mechanical 
and power threshers. It is surprising that even big 
business firms involved in the production and marketing 
of tractors and harvc.sters did not enter the market for 
the threshers. Currently, in Ptinjab alone, there are over 
2(X)l) small-scale rnanutacturers of threshers. Like in the 
early days of the Industrial Revolution in Europe, the 
introduction of threshers has led to several problems in 
rural India: not only did it literally draw blood, but also 
exposed child labour to the hazardous working condi¬ 
tions on the threshers. 

Dangarously unsaft 

Of the many types of threshers available in the 
market, the drummy, hammer-mill, syndicator (chop¬ 
ping), spike-tooth cylinder, and rasp-bar cylinder types 
arc the most prominent. But most of the threshers in use 
are the chopping and the drummy types. 

, in the chopping type thresher, the thresher unit 
con^i^ts of a corrugated fly-wheel with serrated chopping 


knives and a closed cylinder casing and concave. In 
drummy type, hammers or beaters with a closed cylinder 
casing and concave are provided for threshing. It usuany/;|| 
consists also of u centrifugal blower for partial separation 
and cleaning of the grains. Different types of threshers'^; 
have different kinds of feeding systems: the chute, ;§ 
hopper, conveyor or feeder roller. For drummy and: I 
hammer-mill type of threshers, the Indian Stundard8^,;| 
Institution has recommended the chute feeding .system* % 
The feed roller w^ith the chute or conveyor is rccom-v^^ 
mended for the chopping-type threshers. 

Of all the feeding systems, the chute is the simplest 
in design and the most economical. It consists of a simple 
mild steel trough through which the crop is fed manually. 
Other feeding systems have somewhat complicated; 
designs and need skill in handling. Besides, they arc, 
costly. 

Both the chopping and drummy-type threshers are 
accident-prone, the only difference being the nature of if 
injury intlicied ( Fable I j. In the drummy type, the arm is * 4 
severely crushed or mangled, with some possibility, in a 
few pses, of hand surgery to restore partially the { 
functional value of the arm. The chopping type, howev- ] 
er, cuts the lingers or part of the forearm right through. ' ’ 
causing an irreparable loss of the limb. .i 

In the opinion of Prof. G. C. Das, one of India's V 
leading hand surgeons, who is deeply involved in the ^ 
roblem of thresher victims, the functional value of the 
ands ctnild be restored to some extent in only 25 per > 
cent of the victims of the driimmy-typc threshers. The * 
question of restoration of the functional value of the ! 
hands does not even arise in the ca.se of the victims of the . 
chopping-type threshers, at least 75 per cent of whom 
have to undergo amputation. Medical rehabilitation of 
upper limb amputees is almost impossible in India. For , 
one thing, a reasonablv funelioniiig artificial hand is still / 
under development: for another, it is enormously ^ 
expensive and far beyond the reach of a farm worker. ' 

How do accidents occur? 

Most of the thresher accident victims arc poor and ^ 
illiterate hired local or migrant w’orkers. The most 
disconcerting Icaiurc of these accidents is the substan¬ 
tial number (about 22 per cent in a 1980 survey) of 
children between the ages 10 and 18 years that are 
injured, riie owners or employers arc rarely the victims, .i* 
The numbers given here refer only to the renorted cases, ^ 
that is, those who seek medical aid in city hospitals and ^ 
for which records are maintained. The actual number is ' 
much largei. It is estimated that the rale of thresher 
accidents will top the list of accident rates in the 
industrial sector. 


Tabfe 1. Type of threshers involved in accidents 


Type of thresher 

Contribution to accidents 
(per cent) 


1976* 

1980* 

Drummy 

45.16 

29.03 

Syndicator (chopping) 

37.42 

56.46 

Hammer-mill 

14.19 

9.68 

Spike-tooth cylinder 

1.29 

1.61 

Beaters on reels 

1.94 

3.22 


^Surveys conducted by pau, Ludhiana: "Thresher accidents in the 
Punjab during the wheat threshing season of 1980" by S.R. Verma 
and B.S. Bhatia, pau, Ludhiana, January, 1981. 



ffWiidy 4W0 i«asbitt ifor 
pl^dents. First, most of the threshers have practicdlvno 
l^safety devices to prevent accidents. Even in cases wnere 
;V the manufacturers provide some sort of safety devices in 
the threshers, these are removed to speed up the 
< operation. This needs some explanation. Threshing 
usually takes place in the open fields, and the farmers 
. are possibly worried about theft, rains, fire, duststorm, 
^ and would, therefore, like to finish the job as quickly 
, as possible. When .speed is given precedence, safety loses 
; its importance, and the safety devices are removed. 

Second, and more important, the employers do not 
! pn)vide safe working conditions to the farm workers 
working on threshers. For example, lighting arrange- 
: ment is ftoor at night when a slight human error may 
. result in accidents, even with safety devices. One might 
. well ask, why work at night. But, it the farmer does not 

i tet 'electricity during the day, he necessarily puts the 
abourers to work during the night when the power is on. 
Case histories t)f many accidents have revealed that most 
of the ac 9 idcnts occurred after four in the evening and 
. when the victims were tired, sleepy, or hungry due to 
overwork. The Punjab Agricultural University (PAU), 
Ludhiana, concluded from two surveys in 1976 and 1980 
' that most,of the accidents resulted from such human 
errors, while the remaining were caused by machine, 
crop and situational factors. 

The large number of thresher accidents raises many 
questions. Is the government aware of the problem? If 
so. what is it doing to prevent accidents by way of 
. improving the design and/or providing safety devices? 
Are scientists and technologists looking seriously into 
the problem? What happens to the thresher victims? Are 
they given proper medical treatment? What is being 
done to rehabilitate accident victims who lose the 
functional value of their arms or hands? In other words, 
the thresher problem raises different aspects of the use 
of technology in the agricultural sector. The thresher 
problem is thus as much a legal and social problem as it is 
a technical one. 


Governmental efforts mainly on peperl 

Let us examine the different steps taken by the 
Central Government. As early as August 1976, the 
Ministry of Agriculture wrote to Directors of Agricul¬ 
ture in various states, requesting them to ask the 
manufacturers “to provide a safety device in the 
threshers" and to organise "suitable training camps 
during the threshing season to educate the labour in the 
proper handling of the machines”. On 25 July, 1978, the 
then Minister of Agriculture, Mr. Surjil Singh Barnala, 
wrote to the Chief Ministers of Punjab, Haryana, Bihar, 
Uttar Pradesh, Madhya Pradesh. Rajasthan and the Lt. 
Governor of Delhi, elaborating several measures to be 
taken. These included; (i) disallowing the manufacture 
of threshers without safety devices, (ii) enactment of 
necessary laws, (iii) payment of reasonable compensation 
to the victims by any employer using threshers without 
safely devices, and (iv) making availaole. free of charge. 
Central Government testing mcililies to those trying to 
develop effective safety devices. 

An interministcrial committee then met in June 
1979, almost a full year later, to consider the possibility 
of invoking existing laws to bring to book those 
responsible for thresher accidents. The Industries (De¬ 
velopment and Regulation) Act of 1951, entry 10, and 
the Factories Act of 1948 could not be applied because of 
technical reasons. The Workmen's Compensation Act 
also was of little use for the thresher victims because 
almost all of them are casual labourers who are not 
covered by the Act. The committee, therefore, recom- 


compeiHatkMi, 

On 27 August, 1979, the DqMutment of Sdeiice .ind 
Technology (DST) appointed an expert committee 
beaded by Prof. A. C. Pandya of the Central Institute of 
Agricultural Engineering, Bnopal, to go into the existing 
designs of safety devl^ and to suggest minimum 
preventive measures for threshing machines. This com¬ 
mittee met on 17 September, 1979, and, among other 
things, recommended the compulsory registration of all 
threshers in the country indicating the manufacture, 
type, date sold, and the buyer and his address. The 
committee said the dealer/manufacturer should also 
ensure that third-party insurance is taken by the custom¬ 
er. An interministerial committee under the chairman¬ 
ship of Dr. M.G.K. Menon, Secretary. DST, met on 22 
October, 1979. Accepting the recommendations of the 
expert committee (headed by Prof. Pandya), this 
committee suggested that “the Farm Machinery 
Industrial Extension Service Act and the Farm 
Machinery Education Act should be finalised and 
strengthened"'. As many of the victims happen to be 
children, the committee felt that the National Council 



Thresher victims of the 1979 threshing season at Delhi's Safdar- 
jung Hospital 


for Educational Research and Training (NCEftT) should 
be persuaded to initiate programmes on the use of 
threshers and its hazards. Another recommendation to 
the Ministry of Health and the Directorate-General of 
Health Services (DGHS) suggests that they should tmte to 
state governments to collect data on thresher accidents. 
(Incidentally, in spite of the fact that several thousands 
have suffered in the last decade, no reliable data are 
available on the number of victims, nature of injuries, 
number of threshers, etc, but government departments 
which should collectively be held responsible for the 
collection of data are worried about who should write to 
whom!) 

In early March, 1980, Dr. M. S. Swaminathan, the 
then Secretary to the Ministry of Agriculture, wrote to 
the chief secretaries of the concerned state stressing the 
need for early legislation to prevent the manufacture, 
sale and use of threshers without safety devices—as a 
long-term strategy—and administrative (such as compul¬ 
sory registration of threshers) and educative measures 
for immediate implementation. 

No doubt, the different departments have been pretty 
active but the proof of the pudding is in its eating. One 
would have expected the efforts of the committees to 
have led to action that would have resulted at least in a 
considerable reduction in thresher accidents if not their 
total elimination. But, alas, if this be the criterion, 

■ . 
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already been in jured. For the poor labourers, the tack of 
functional values of the limbs makes alt the difference 
between life and death. 

These conclusions are further supported by the 
recent order of the Supreme Court on a Special Leave 
Petition (SLPNo. 9097//9) delivered on 12 October, 1981 
in the case of Balwant Singh and others vs. Mahmood. 
which arose out of a thresher accident. Justice P. N. 
Bhagawati and Justice V. B. Eradi suggested that the 
mvernment should consider enacting some legislation 
or preventing the manufacture of threshers without 
adequate safety devices in order to protect the lives of 
landless agricultural labourers. In their view, ''this is a 
social welfare measure essential to help the illiterate and 
p<K>r farm labourers. There is no use telling them that 
there is a provision for compensation in the Workmen’s 
Compensation Act. It is high time the government tqok 
Steps in this direction". This in 1981, five years after the 
August 1976 Central Agricultural Ministry’s letter to the 
Directors of Agriculture of the concerned States! 

Stalled legislation 

Both the legislature and the judiciary at the highest 
level seem to be interested in enacting suitable Taws. 
One may, however, note that an Act, called the “Power 
Threshers Safety Act" initially drafted by the Haryana 
Cfovernmcnt in 1979, is still gathering dust due to 
controversy over who should enforce it. The main 
feature of this proposed Act is a jail term ranging 
between 3 months and one year plus a fine of Rs. 1,000 
for whoever manufactures, sells, or rents a power 
thiesher made without a licence and does not conform to 
prescribed specifications and safeguards. There are, 
however, loopholes in the proposed Act. First, it does 
not lay down any punishment for those employers who 
force farm workers to work under unsafe conditions or 
under the influence of intoxicants. Second, the Act 
provides only for safe design in the future. It has nothing 
to say about the very large number of existing threshers 
which do not have any safety devices and their victims. It 
may be possible to bring the existing unsafe threshers 
under the purview of the law by invoking the Essential 
Commodities Act, but it is highly improbable that this 
can be enforced effectively given the large number 
involved. 

Another important point is that of compensation to 
victims. As it is, the compensation recommended is 
meagre, Rs. 3,(KK}, Rs. 5,000, and Rs. 10,000, respective¬ 
ly, tor the loss of one arm, both arms, and loss ot litc. 
And even this provision of compensation has been done 
away with following legal objections. One might suggest 
that the employers insure all farm workers against 
accidents with a general insurance company which would 
be responsible for paying the compensation and that the 
rates of compensation be increased considerably. Here 
again, there are difficulties. 

More important, as mo.st of the farm workers are 
poor and illiterate, and also unorganised (unlike in a 
factory where unions of workers exist), it is doubtful that 
they will ever get the compensation laid down by the 
Act. Thus, while an Act will definitely improve the 
situation u bit, it will not have a significant impact on 
the problem of thresher accident victims. 

Trading farm workart' safety 

Let us now look into the technical aspects of the 
thresher problem. Most threshers are poorly designed 
and have no or inadequate provisions for safe opera* 
tions; maiiy are innovated and improvised by local 


A drummy type thresher 

artisans. Two years back, the isi had formulated detailed 
guidelines for installations of power threshers and their 
operational conditions, but these are still not observed 
by the employers. The ISI has also adopted a Standard 
(IS: 9129-1979) which details the technical requirements for 
safe feeding systems for power threshers, but these, too«: 
have not been incorporated by thresher manufacturers^ 
fhere arc two main reasons for this, 'fhe first is the 
cimsiderable.escalation of cost when safpty devices are 
incorporated into the threshers. 'T’he second is the 
considerably decreased efficiency of operation: this i$ 
why the operators remove the safety devices. It should ' 
be noted here that all attempts made so far have 
concentrated only on the provision and elaborate designs 
of safety devices but have not considered the efficiency 
aspect. It is worth noting that the National Institute of 
Design, Ahmedabad. had designed a technically sound 
thresher and a prototype of it has also been developed at 
the Tractor Training Centre, Hissar, But, unfortunately, 
this has not yet been commercialised. 

Such problems are not unique to threshers. They occur 
in agriculture, industry and other vyalks of life 
where poor, ignorant labourers are exploited and denied 
their clue rights. The mere existence of a law is no 
guarantee that it will be obeyed. There are certainly Acts 
to prevent exploitation of child labour and to ensure 
payment of minimum* wages to workers, but we know of 
gross violation of these acts and culprits going un* 
punished. After all, the enactment of an Act, the concern 
of the judiciary for the downtrodden and even the 
committee work of the executive are necessary but not 
sufficient conditions to prevent the continuing incidence 
of thresher accidents. The sufficiency criterion can be 
fulfilled only by: (i) the farm labourers getting orga¬ 
nised, and (ii) the emergence of widespread social 
consciousness.among the people who wili.rise to defend 
the rights of the victims whenever necessary. 

Thresher accidents in northern India are an example 
of a class of problems, where the introduction of 
technology leads to problems not necessarily because 
technical solutions are difficult or not available hut 
because of a mismatch between the technology as it i.s 
^plied and the social context into which it is introduced. 
■Ine solution to such problems does not lie simply within 
the domain of technology or in the domain of law. It 
spills over, into moves which would drastically alter the 
current status of farm labourers—would-bc-viciims who 
will continue to get their arms chopped unless the use of 
unsafe threshers is completely stopped. 

R. V. JASRA 
K. P. KOTHIYAL 

Mr. Jatra is a research scholar In the Chemistry Department and 
Or. Kothiyal is senior research fellow in the Electrical Engineering 
Depaitment at the Indian Institute of Technology, Delhi. 
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The hazards of being gay are many. 
Social mal-adjustments are well-known. 
Now recent studies indicate that 
homosexual behaviour is also associated 
with considerable personal and public 
health problems due to sexually trans¬ 
mitted diseases (STD). Gays face a greater 
risk than heterosexual persons (male or 
female) of gonorrhoea, syphilis, 
anorectal herpes simplex virus infec¬ 
tions. and even for several std"s outside 
the traditional sphere of venereology 
like hepatitis A. B. amoebiasis. giar¬ 
diasis. shigellosis and enteritis. 

A fresh study was undertaken to find 
the frequencies of several stdn . in a 
large homosexual male population. Out 
of 4.212 respondents. 78 per cent ex¬ 
perienced at least one episode of STO. 
while 60 per cent had other complica¬ 
tions'too. 

These are pretty high figures by any 
count and no immediate viable solution 
is in sight. Hepatitis, at least, can be 
controlled through an immunisation 
programme, but for the other std there 
IS no vaccine. Alternatively, education to 
restrict homosexual activity does not 
seem to hold out much hope. Perhaps 
only technically skilled and personally 
satisfactory health care services could do 
the job. 

PETROL FROM NATURAL GAS 

The New Zealand government, in col¬ 
laboration with a US oil company, is 
setting up a one-billton-dollar plant in 
North Island. New Zealand. This plant 
will convert natural gas from off-shore 
fields to methanol and then to petrol. 
So far only South Africa has the process 
for making petrol from ga.sified coal. 
The New Zealand plant, the first one 
outside South Africa, also uses a more 
efficient process for making liquid fuel 
from the gas. Further commercial ex¬ 
ploitation of this process should be a 
boon to those nations, which have no 
petroleum, but have abundant natural 
gas or coal. Perhaps, even the Bombay 
High gas may be converted into petrol. 
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METHANOL AS AIRCRAFT FUEL 

Another potentially good news for 
countries facing petroleum shortage is a 
two-man campaign being carried out in 
the USA to demonstrate the feasibility 
of methanol as an economic fuel for 
aeroplanes. That aeroplanes can run on 
methanol has been known since 1967. 
Gordon Cooper, one of the earliest US 
astronauts, flew an air force jet on 
methanol. The snag, however, was that 
methanol gives only half as much ener- 
as hydrocarbon fuels* This 4>peared 


to rule out methanol purely on grounds 
of aircraft weight. However. Cooper 
and his partner, who was Reagan*s 
personal pilot for two years, say that if 
aircrafts fly high enough, methanol is no 
longer an inefficiem fuel. Something 
happens to it, and they know not what! 

So far, the aviation industry had been 
sceptical about their claims. But now, 
because of Cooper's personal prestige 
as a fbrmer astronaut and his paitner*s 
acquaintance with Reggan, methanol is 
being geriously considered as a fuel. 


ISLAMIC AND SOCIALIST SCIENCES 

Iran's Jihad-e-Daneshgahi (University 
Jihad), a seven-member council set up 
by Ayatollah Khomeini's government! 
claims to have created an Islamic educa¬ 
tion system suited to Iran's needs. The 
actual contents of the new system will 
be known only when lran'.s universi¬ 
ties, which have been closed for the last 
one year, reopen. But it is Aear that the 
emphasis, at least in science and tech¬ 
nology (s and T), will he on applied 
research required for Iran's needs. 
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STAY YOUNG AND HEALTHY 

Aging hns its biological markers: nor¬ 
mally the predictable physical and he- 
'.havioural changes during the aging pro- 
i?ess. In rodents, one marker is a decline 
in immune function, accompanied by 
loss of memory, in humans, a percepti¬ 
ble loss in hearing and vision, cardiovas¬ 
cular changes, hone loss, sleep varia¬ 
tions and also a decline in immune 
functions are alt markers, 

Biomarkcrs have been known since 
many years. But now. it seems, they are 
indicators of the effectiveness of some 
intervening agents and provide' room 
for manipulations to keep young. If a 
specific agent delays the onset or furth¬ 
er progression of a biomarker, then it 
holds promise as a potential tool for 
keeping young and healthy. 

But all biomarkcrs are not equally 
effective indicators. They should be 
rejproducihlc. q^anifest themselves in 
n^tny s(K*cics, change significantly with 
pc. aml lM? inevpen.siNc to cvaluuce 





'for disinfection:' ■■ 

The study, howler, indicated 
these levels are neither maintained nor 
adequate. Several substances like sbiL 
urine, ammonia and dirt tend to react 
with chlorine to form chloramines and 
render it less active. Different organic 
solids also protect the viruses to some 
degree from chlorine. Additionally, 
poor operations and faulty equipment 
also contribute to low chlorine levels. 
Therefore, it seems, even in the west 
new standards will have to be laid out 
tor effective disinfection. But there is 
one drawback—high chlorine levels 
lead to eye irritation! Statistics in India, 
where public health norms are indeed 
lax, is anybixly's guess. 

OF DREAMS AND DREAMING 
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green revolution. 

The. Columbia research team wpmG.to ' 
increase public awareness aboitf > 
ineptness of the UN ageudes ih hand¬ 
ling public health problems of develop¬ 
ing countries. They also plan.to stiM^ 
the resurgences, if any, of other .parasi¬ 
tic diseases. ‘ i 


SWIMMING POOLS BREED 
VIRUSES? 

Throughout the world, .swimming is a 
joy for millions, but many times diffe¬ 
rent infections and illnesses beset swim¬ 
mers. More prominent amongst the$e 
are car infections (otitis externa), a skin 
disease caused by (he bacteria Pseudo¬ 
monas impetigo, shigellosis (a form of 
dysentery), and primary meningo¬ 
encephalitis (infection of the mem¬ 
branes of brain). To further add to the 
woes of swimmers, now there is direct 
evidence for transmission of viral infec¬ 
tions hy swimming pools. 

D'Angelo. Sagar Goyal and col¬ 
leagues from the Department of Virolo¬ 
gy and Epidemiology, Baylor College of 
Medicine at Houston, Texas, USA«iso- 
lated from water samples of swimming 
pools, a virus that causes pharyngo- 
conjunctival fever. They also observed 
a statistically significant relationship be¬ 
tween swimmers in swimming pools in 
municipal areas and gastrointestinal 
illnesses. Significantly, all the municipal 
pools had filtered, chlorinated water! 

Viruses enter the pools through fecal 
material and nasal and pharyngeal 
secretions. The number and dispersal of 
these materials, the presence of solids, 
disinfectant used, the sunlight, the fil¬ 
tration, pM and temperature of water 
and the inherent resistance of viruses 
themseivcfr—all determine the survival 
of viruses in the pool. Effective chlor¬ 
ination depends on the dose and form of 
chlorine. Free chlorine is more effective 
than the various combined forms; a 
level of 0.4 part per million of free 


Dreams can be lucid or non-lucid. 
People have even been known to solve 
problems in their dreams. example. 
Kekulc. the organic chemist solved the 
structure of benzene in his sleep. 
Coleridge compo.sed the famous ‘Kubla 
Khan' in his dream. In the non-lucid 
dreams, however, the dreamer may not 
be aware of the various events in the 
dream. On waking, he may accept the 
nonsensical nature of the dream and 
forget about it completely. This is not 
true of lucid dreams, where the dreamer 
is perfectly aware of the dreams he is 
seeing. He can even control the content 
of the dreams. And, like the director of 
a play, decide about its course of action. 

Lucid dreams, according to a recent 
study, perform functions which lead to 
better understanding of memory, per¬ 
ception and personality. Perhaps, more 
information can also be obtained about 
certain aspects of brain functions. In 
addition, lucid dreams could be a source 
of relaxation and enjoyment too. Whut 
is not achieved in reality can at least be 
experienced in dreams. The .scientists 
may apply this state in therapy of 
phobia-prone individuals by providing 
realistic settings for self* therapy. 
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University has aiteady carted work on 
making these. Efforts are also afoot to 
cake science to the villages under the 
new programme. Local ingenuity and 
innovation will be emphasised at all 
levels, and dependence on outside help 
discouraged. However, the mullahs will 
not deprive diabetics of the insulin of 
western origin! 

While Iran will use Islamic backing 
for its s and T policy, the new Govern¬ 
ment of France under Mitterand is 
planning a democratic'debate to find 
socialist answers for its research policy. 
This debate will be held in January 1982 
at a huge conference, preparations for 
which have already started. The de¬ 
bate will cover the entire gamut of 
France's research and technology 
strategies, including its political, social 
and economic implications, ethical 
problems and the relative importance of 
basic and applied research. Other topics 
to be covered include impact of re¬ 
search and technology on industry, 
health, workina conditions, etc^ 

The major objective of the debate is 
to take away science policy making 
from a group of elitist bureaucrats and 
involve experts from all over the coun¬ 
try in the exercise. 

GENETIC ENGINEERING—NO MORE 
GUIDELINES 

When scientists first invented the tech¬ 
nique of transferring i>NA-hased genetic 
information from one species to another 
there was a general concern that break¬ 
ing the natural species barrier may lead 
to creation of uncontrollable, mon¬ 
strous new organisms. Conscientious 
molecular biologists, led by Paul Berg, 
who had done pioneering work in de¬ 
veloping this new technique of gene 
splicing, initiated a public debate on the 
issue. Ilicy culled for a moratorium on 
further research in this area, until the 
potential risks had been assessed in 
detail—an instance when biologists 
recognised their social responsibilities 
of the consequences of their work. 

The result was detailed guidelines for 
research in recombinant dna. Guide¬ 
lines developed by the National Insti¬ 
tutes of Health (NUD USA. provided 
the model for most nations. These 
guidelines, though they did not have the 
force of law. were mandatory for all¬ 
dependent on government grants. 

Last month the nih took a step which 
should lead to the virtual dropping of 
the guidelines. The Recombinant 
AdvKsory Committee (RAO, for alf prac¬ 
tical purposes the decision-making 
body has recommended that the guide¬ 
lines should he made voluntary, as in 
private enterprise, even for experiments 
carried out with govemrnem grants. If 



BEE CLINIC 

Now, we have bee doctors to treat sick 
bees. A diagnostic clinic has been set up 
at Beltsville, USA. where disease- 
infected honey- combs, mailed by 
beekeepers and apiary inspectors, arc 
routinely checked. Bees have a direct 
role in agriculture as they help in 
pollinating flowers. Any reduction in 
pollinated flowers naturally decreases 
agricultural production. 

The honey-comb sections are ex¬ 
amined under microscopes for spores or 
pcxssible parasites or bacteria known to 
cause bee maladies. 


the Committee’s proposals arc formally 
accepted, most experiments will no 
longer require prior approval of the nih 
Also, no prior approval will be needed 
for scaling up the experiments beyond 
the laboratory scale and releasing into 
the environment organisms containing 
recombinant dna Universities conduct¬ 
ing recombinant dna experiments will 
no longer need to have their own 
biosafety committees. 

Recombinant dna. an example when 
scientists publicly recognised their rc- 
spoasibility about the impact of their 
work on society, has also ironically 
proved that the scientific community, at 
least in the West, is now moved more by 
profit motive then by conscience. The 
evidence has been steadily accumulat¬ 
ing over the last few years. 

Recently, at a meeting organised by 
Cogene — the Committee on Genetic 
Engineering — a subcommittee of the 
International Council for Scientific Un¬ 
ions, in Rome, to discuss the impact of 
commercialisation of the technique, 
most of the 1(X) molecular biologists 
from all over the world were quite 
unconcerned about the threat of private 
money to their science. Most knew that 
researches in genetic engineering will be 
increasingly dependent on money from 
industry, but they were not bothered 
about the implications of this. And the 
few who were concerned were quite 
bitter about this indifference. 


BUoM op SCIBlliieE JOMmiM 

Today we have more journals to 
than can be read. And yet. scientists^ 
constantly complaining of having to ffl 
out newer outlets to get their 
published. Of course, science is 
ing highly specialised and there hj 
torrent of discoveries. 

The new publishers arerthere 
responding to a demand of the scienli 
community. Some of the new 
may disappear fast: others, 
may manage to last and evolve a 
of their own. It’s all to be seen, 
October 1981 issue of Nature 
readers an idea of the new journals, 
have appeared over a period 
months ending about a year ago. 

In China too. there is a spurt Ml 
scientific journals. There it is linked 
changes in government policy on sckll^J 
ce and the direction of scientific 
vclopment. China wants to make rapf^k 
advances in defence, agriculture, indd^ 
try and science and technology. ThOel 
modernisation of science, among olherl 
things, involves publication of scientU '] 
magazines, for ail different age groups^^ 

Western journals arc also translatedv'^j 
and the standards of translations ord j 
high. But, ironically there is a dearth of ^ 
well-trained scientists and technicians^^ 
for implementation of the modernisa^ i 
tion programme, ('an the science jouri-f{ 
nals fill this gap? 

ARE ACNE JUST SKIN DEEP? 

Those pimply papules pustules, or acne ' 
as they are scientifically called, have 
scarred many a smooth cheek, and j' 
evaded a real solution till now Beauti- 
cians and clinicians regard them as a 
purely dermatological or, skin prob- ‘ 
lem—but recent research indicates that ! 
acne may not be just skin deep. 

There may be a link-up between 
severe aenes and some endocrinological ; 
disordei. as discussed recently at the 
Endocrine Society Meeting at Cincinna*. 
ti. USA. EndtKrine (ductle.ss) glands^ ' 
produce hormones, specific substances • 
regulating many metabidic functions of 
an organism. Radioimmunoassay (KIA) 
techniques have made it possible to ] 
detect subtle changes in serum testos- ' 
terone (male hormone) levels. This fact 
was u.scd in studying possible hormonal 
changes in women afflicted with ucnes. 
Of the l.'^M women studied. 90 per cent 
had above average plasma testosterone 
levels, and 97 per cent even exhibited 
male-type hair growth pattern in diffe¬ 
rent parts of the body. Also, though 39 
per cent had regular menses, 19 per cent 
exhibited irregular periods. But. what 
about those of the fair sex wht> have 
nothing—no hairinc.ss. no irregular 
periods—but just acne? 

Pa.st studies indicated that oestrogen 
(a female hormone) resulted in reduc¬ 
tion of acne formation. 




i-' The latest Jaguar Internationa^ in service with the Indian Air 
Force, is an even more powerful version of the aircraft which 
j has proved In service with the Royal Air Force in Britain and 

Germany, with L'Armee de I'Air in France and overseas, and 
■ with the air forces of Ecuador and Oman, that it provides the 

versatile, cost-effective weapon system essential to meet 
tactical defence requirements throughout the 1980s and 
1990s. 


■ it combines supersonic performance with outstanding weapon 
load/range capabilities and the ability to sustain high mission 
rates with a minimum of technical support. 

■ it has the advanced systems design and structural qualities to 
penetrate sophisticated defences at high speed and low level 
in all weathers and to locate and attack the most difficult targets 
with consistent precision. 
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* It has the reliability and ease of maintainabilltv to allow long 
periods of operation away from baaa facilities. 

* Its short takeoff and landing characteristics enable it to operate 
from unprepared strips, roads, grass or desert surfaces. 

* It adds formidable air^onfibat self-defanca capability to the 
exceptional survival ability ensured by rugged structure, twin- 
engine configuration and duplicatad systems. 



Designed end buKt by SsEe V^eKaCva AsT■ 

Tobadtvtlopodindbufltin India tiy 

NiliOUSTAN AtllCMIAUtfCS LMHTn, 

mmtN AtnOtPilCt a MSMtN.T/AfllOUCT,mAIICC. 


Emerald<S- 5 - 81 A 


'SICO' OFFERS 
RELIABLE a 
ADVANCED RANGE OF 
LAB. EQUIPMENT 


SICO 

DOUBLE CELL 
PHOTOELECTRIC 
COLORIMETER 



Equivalent-Klett 


Sioispec-loo 

SICO 

VISIBLE 

SPECTROPHOTOMETER 


SOLID STATE 



• Anslog/Digital 

• Drift free stable 

• Wavalangth range; 

350*950 nnr. 


Model EM-5 
SICO 
Electronic 
pH Meter 

ANALOG/DIQITAL 



• No buffer required for 

standardisation 

• Drift free stable 

e Fully solid state operation 

• Digital LED display 

• Wide range of electrodes 


fOR FURTHER DETAILS PLEASE CONTACT: 



Tlic ilit* liisl4 <». iJil. 


Estd 1911 


Head Offiei* fj Ii'j S^iali.iilur Sapm Ro.iil AiLili.itMfl yiinUl 
Gran). SICO Rhone W:\] lele:< Obdfj 2 Vj SICO IN 

Allaiiahad Boniljav i^aliiina Mailra'i Ninv 

Ahnipdahoti Baiujoloie Hliopal Gaiifi.Hi ydeiaii.id Kan[)iii hiLkiiow 
Woiks Allahahad h (iha/laii.ifl 







classical 
masterpieces 
of art.... 


are an inspiration for 
perfection to one and all. 
Modern Chemists and 
technologists are equally 
proud of their modern 
achievements in the 
laboratory. 

The specifications of modern 
laboratory chemicals are 
masterpiecss of modern 
•laboratory science to meet 
the precise needs of varied 
industries from atomic energy 
to zincography. 

We at Sarabiiai M Chemicals 
are endeavouring to meet 
the challenge of modern 
technology by producing 
the best and the latest 
in laboratory reagents. 
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SARABHAI 
M CHEMICALS 

Where scientific tradition 
of ingenuity never dies 




;v; .^h* Earth at photographad by tha ApoHo 
. aatronauta 


A ll of us have read the (or 
bably apocryphal) story of ho 




ro- 

babl]| apocmhal) storv of how 
the basic idea of the law or gravita¬ 
tion was. so to say, knocked into 
Isaac Newton’s head by a falling 
i^iple. We also know of another 
Apple (the Ariane Passenger Pay- 
JLoad E^riment) which, unlike the 
; ii^ fruit which fell on Newton’s 
head, has been sitting “up there’’, 
immobile, for the last few months. 
The law of gravity says that any two 
^material bodies attract one another 
by a force proportional to the mass of 
eadi of them and to the inverse of the 
iouare of the distance between them. 
The acTonymic fruit of iSRO’s labours 
h of course a very material body and 
■is no exception to the universal law of 
(pavitation. What keeps it as well as 
pur natural satellite, the Moon (and a 
large number of artificial satellites), 
from falling to the Earth is a force 
called the oentrifu^ force, which 
cancels the gravitational attraction of 
tim Earth on them—and this force 
arises rlirectly out of their approxima- 
^y circular motion around tne Earth 
Exactly the same phenomenon works 
to keep the planets and the countless 
of matter known as the asteroids 
-in -ataUe orbits airound the Sun. 


The Sun pbotographed from the Earth- 
oibHing satalUte, the Skylab 

ROTATION IN THE 
UNIVERSE 

P. P. Divakaran 

The atoms spin, so do the planets, stars and galaxies... and maybe 
even the universe 

Contrary to the popular notion 

K ioted by the story in school 
s, between the apple brought 
down by the Earth’s gravitational 
pull and the planets in their everlast¬ 
ing orbital motions, there lies the 
other of Newton’s meat contribu¬ 
tions to the science of mechanics, the 
laws of motion. The law of gravita¬ 
tion pertains to only one of a number 
of distinct forces that are now recog¬ 
nised to act between pieces of mat¬ 
ter. The laws of motion, in contrast. 



Fig. 1. The Virgo duster of gdaxiM 


are more abstract and are applicable 
to all motion, not only that influ¬ 
enced by the force of gravity (we say 
that the laws of motion fall in the 
realm of kinematics, while the law of 
gravity describes (part of) the dyna¬ 
mics of material bodies). These laws 
begin by defining a force as that 
which causes deviation from motion 
with a uniform velocity vector. In the 
absence of an external force, a mass 
point or a rigid body will continue to 
move along a straight line and with 
unchanging speed. The second law of 
motion then Quantifies force by post¬ 
ulating that it is the product of the 
mass and the acceleration (the rate of 
change of the velocity) produced by 
it. It is worthwhile noting that a 
minor modification (substituting the 
quantity mass x acceleration in the 
second law by the rate of change of 
numientum) is sufficient to ensure 
the validity of the two laws of New¬ 
ton in the context of the special 
theory of relativity. 

In trying'to understand the orbital 
motion of a satellite around the 
Earth (or that of planets around the 
Sun. etc), it is useful to make two 
idealisations; (i) that the orbits are 
circular (in reality, they are 

' ' ..V ■ ■' .1 > 
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Fig. 2. Conwt Humason in 1961 
and <ii) that the satellites as well uh 
the urth have all their respective 
masses concentrated at their centres 
of mass. These simplifications arc 
made for ease of picturisation. The 
mathematical theory deals equally 
satisfactorily with elliptic as with 
circular orbits. Similarly, it is possi¬ 
ble to show that the resultant force of 
gravity between the bits of matter 
that make up two extended, spheric¬ 
ally symmetric bodies is the same as 
if their entire masses are placed at 
their respective centres. The velocity 
vector at any point on the orbit then 
points along the tangent to the orbit¬ 
al circle at that point. Since, even for 
constant speeo of revolution, this 
vector changes (in direction) with 
time, turning through 360 degrees in 
one revolution, the revolving body is 
subject to an acceleration and. by 
Newton’s laws of motion, to a force 
pointing radially outwards. This 
force is the centrifugal force and will 
tend to pull the satellite farther away 
from the Earth. But the gravitational 
force exerted by the Earth acts oppo¬ 
sitely. pushing the satellite in. 
Whether the satellite remains in. or 
attains a stable orbit or falls to the 
ground is fully determined by 
whether the centrifugal force (which 
increases with increasing angular 
speed, the rate at which it is revolv¬ 
ing) wins over the gravitational pull 
(which decreases with increasing dis¬ 
tance from the centre of the Earth). 
In the case of APPLE, not only Is the 
orbit stable, its angular speed is 
precisely the angular speed of the 
Earth's spin so that it appears to be 
stationary over a fixed point on the 
Earth. Readers will recall newspaper 
accounts of the delicate orbital man¬ 
ipulations that were performed by 
iSRo to bring about this matching 
(Science Today. September 19H1, 
p. 65). 

Since the universe we are part of is 
not one-dimensional, rotary and spin 
motions are ubiquitous and have 
manifestations at all levels and 
scales—from the elementary consti¬ 
tuents of matter to the largest 

a 'omerations physics can deal 
, extending perhaps even to the 
whole cosmos. Some parts of this 
vast re^ still remain mysterious 
and. intriguing (Fig. 5). But the gtea* 

fiwmliar 


Fig. 3. A closeup view of Saturn's irregular, 
disc-shaped satellite Hyperion obtained by 
Voyager 2 spacecraft on 24 August from a 
distance of about $00,000 km 

to every student of physics that the 
intellectual struggle that led to these 
conquests tends to lose its romance. 
The following articles in this issue 
and the next on some aspects of the 
large-scale phenomenology of rota¬ 
tion are meant partly as a remembr¬ 
ance of things long taken for granted, 
and partly as ambitious and occasion¬ 
ally speculative peeps into the myste¬ 
rious domain that still remains uncon¬ 
quered. It must not be forgotten, for 
example, that there is still no univer¬ 
sally accepted picture of the origin of 
the solar system, even though the 

» mical principles of the motions 
e planets have been fully under¬ 
stood a long time ago 

The basic coneapta 

Clearly, the response of a body to 
forces which cause it to revolve or 
rotate depends on how rigid it is. A 
perfectly rigid body can be takein to 
be one which is impervious in shape 
and size to any stress applied to it. 
The elementary principles of rotary 
or spin motion are best introduced by 
reference to a rigid body (in real 
systems, deviations from rigidity can 
be significant, ranging from the slight 
flattening of the Earth at the poles, 
caused by its spin, to the cnaotic 
movements of fluids that form stars). 
Now, it is a theorem (due to the 
mathematician Euler) that the most 
general displacement of a rigid body 
is a translation, or a linear displace¬ 
ment wi^out change of orientation, 
follovyed by a rotation, or an angular 
displdceroent about an axis (to those 
who may costtider this to be self- 
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A moticm of a body is a ptescri^ 
of its dispiacenient front a 
position as a function of els^ 
time. Euler’s theorem then aHowgl 
to decompose the general motka| 
a rigid body into the motion 
centre-of-mass (which may in 
cular be a revolution about a Pc ij^ 
outside the body) and into a 
motion about an axis passing tbr 
the centre-of-mass—the axis its. 
may undergo a change of dirocthi 
with time (for a familiar example.; i 
Fig. 6). Occasionally, there are 
relations, a priori unexpected, 
tween rhe two types of motions asl 
the case of the Moon whose sfhn t , 
orbital periods are the same (0^^ 
Rotation of Earth, p. 24). ' " ' 

The study of spin by itself, 
matter on a microscopic scale (me 
cules, atoms, ...., elementary pa 
cles^ where quantum effects beco 
all important, has been a source 
some of the most profound ideas dpi 
2()th century physics. But, at 
classical, macroscopic level, spin 
revolution involve essentially shnBi^ 
concepts and can be di8CiHis^|i| 
together using comir on termindo^Jl 
Let us consider the simplest examfim^^ 
ot a point mass with a mass hi 
uniform revolution around an axis.i#% 
a distance r from it, with a period 
revolution T (Fig. 7). The angukij^^ 
speed is then 2n/T = ui and the Imetil 
speed is 2nr/T = v, so that v * 

Just as v is the magnitude of thi^^ 



Fig. 4. Cyclonu occur on other planets ibo,.'' 
as they must as long as the planet rotates. ' 
and has an atmosphere to support witida. 
This Voyager 2 photograph shows a ^ 
lone over the northern region of Saturn. 
(The bright spot in the centre of the cloud 
St far left.! Since this is a view taken from 
ouUide the pianet (from "ebove"), allo¬ 
wance has to be made fora change in the 
seme of the circular motion from what Is. 
dMcfibed In the text (or the Earth as seen 
fwm "below" 
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vckK'ity vector C, lo can be taken to 
be the magnitude ot a vector, the 
mguiar velocity (?. In 3-dimensional 
apace, the only vector such that its 
magnitude is v/r is necessarily per¬ 
pendicular to bother and f (the radius 
vector). Since v* is tangential, it 
follows that the angular velocity is a 
vector which points along the axis of 
revolution. 

An even more basic concept is that 
of angular momentum. It is also a 
vector perpendicular to V and T and 
therefore parallel to <3 and the axis, 
but with a magnitude equal to mvr - 
Itir'co. The reason why the angular 
momentum is such a fundamental 
' quantity is that, in the absence of any 
external forces acting on m. it re¬ 
mains constant in time, in direction 
and magnitude: the angilar momen¬ 
tum is “conserved". The situation 
here is quite similar to linear motion: 
Newton s first law can be stated as 
the conservation law of momentum^ 
» mV in the absence of an externally 
applied force. Conservation laws 
such as these arc central to modern 
methods of study of the behaviour of 
dynamical systems of all kinds. 


Fig. 5. It has been known for about two 
decades now that in families of elementary 
particles of a given species (those with the 
same quantum numbers such as baryon 
number, strangeness and isospin), the 
magnitude of the spin is proportional to the 
square of the mass of the particle. Fig.5(a) 
shows this for a number of particles whose 
family names are indicated by letters N. A. 

A. etc (h is Planck's constant divided by 
2 . 1 . A satisfactory theoretical understand¬ 
ing of this quadratic relationship has re¬ 
mained elusive. More recently, it has been 
observed that a similar relationship exists 
between the square of the mass and the 
angular momentum of astronomical 
bodies, within the rather large uncertain¬ 
ties with which these quantities are known. 
See Fig.5(b) 

whether “classical" or “quantum*'. 
On the one hand their validity derives 
from the basic symmetry properties 
of the system (linear and angular 
momentum conservation reflect the 
homogeneity and isotropy of the 
universe) and on the other, they can 
be used very effectively to deduce, in 
a qualitative way. general properties 
of the system without detailed solu¬ 
tions of the dynamical equations. 

Fig. 6. The motion of an axially symmet¬ 
ric top. The nutation can follow a more 
complicated pattern than shown here. 
A ballerina doing a pirouette can, in prlnci- 
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nig tlie aAgniUr iiiMiuitQm, lH i 
example above, for instance, a force 
in the direction of the axis cannot 
affect rotary motion at all and one 
along the radius vector cannot affect 
the angular momentum. To be able 
to do that, a force must have a 
tangential component and such a 
force is a torque. Apart from purely 
mechanical methods such as are em¬ 
ployed in rotating machinery, a tor¬ 
que can arise in a number of other 
ways: gravitational force on a body 
whose mass distribution is not spheri¬ 
cally symmetric (for example, the 
Earth with its flattened poles, the 
action of a magnetic field on a 
spinning body which is also electrical¬ 
ly charged, etc). Such torques are 
important in the motions of astrono¬ 
mical bodies as wjll be abundantly 
clear from the succeeding articles. 

The passage from the mass point 
revolving around an external axis to a 
spinning rigid body is conceptually 
straightforward. We can imagine a 
rigid body to be a set of mass points, 
filling a region surrounding the axis 
and keeping mutual distances be¬ 
tween such mass points fixed. Given 
such a mass distribution, its charac¬ 
teristic rotational properties are de¬ 
termined by what is called its moment 
of inertia. It is a direct measure of the 
inertia the body offers to spin about 
any axis, exactly as the mass is a 
measure of the inertia to linear mo¬ 
tion. If the body is not rigid, for 
example, a viscous fluid, these basic 
ideas still apply, allowance being 
made for the “slippages" between 
successive layers of the rotating fluid 
and the consequent friction and dis¬ 
sipation of rotational energy. Con¬ 
ceptual difficulties do arise when 
these notions are pushed to the 
extreme case of elementary particles 
(for example, an electron) which 
classically must be considered to be 
point particles spinning around an 
axis passing through themselves. The 
resolution of these difficulties requires 
recourse to quantum theory in all its 
subtlety, a subject we are not con¬ 
cerned with here. 

pie, be described in the same mathematical 
terms as a spinning top. Unfortunately, the 
angular velocity is too small for precession 
and ngtstion to be clearly seen! 


Fixed point 
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Fig7. Thg batic quantitfea pertainino to clr* 
cular motion. As long as m it conrtra m ad to 
mova in the Indfcalad plane, the angular 
momentum can change only in magnitude, 
through the application of a torque in the same 
direction as that of 7 

It should not be surprising that the 
complete dynamical description of a 
rotating body can be, except in the 
simplest cases, very complicated. 
Even the study of the motion of a 
spinning top, whose mass distribu¬ 
tion is symmetric about its spin axis 
and which has one end of the axis 
fixed, is not elementary. The com¬ 
plete solution of this problem, which 
can be taken to be the prototype of a 
number of situations of astronomical 
interest, leads to the picture illus¬ 
trated in Ftg. 6 In addition to the 
rapid spin about the axis, the axis 
itself describes a cone around the 
vertical direction, its upper end drift¬ 
ing around in an overall circular 
motion'called precession. On this 
precession is superimposed a wobbly 
up-and-down motion called nuta¬ 
tion. All these motions arc easy to 
follow in a toy top and have rough 
analogues in the spin of the Earth. 

Back to APPLE 

To a very good approximation, the 
examples given above can be consi- 
dereu to be of motion in the absence 
of a torque; that is, they are angular- 
momentum-conserving motions. It is 
instructive in such cases to try and 
understand the qualitative properties 
of the motion, as far as possible, 
from the conservation laws alone. 
Let us look again at the movement of 
a satellite around the Earth or of a 
planet around the Sun from this 
viewpoint. We saw earlier that the 
angular momentum of a satellite is a 
vector pe^ndicular to its orbital 
plane, having a magnitude 1 = mvr. It 
follows from the conservation of I 
that the orbital plane remains the 
same in space, so that as the Earth 
rotates beneath it, the satellite passes 
over different points of the Earth. If 
the orbital radius, r, of the satellite is 
changed, say, by firing a rocket on it, 
its linear speed v will change in 
inverse ratio so that vr remains the 
same (m does not change appreci¬ 
ably). If r becomes too small, the 
Earth's atmosphere will come into 
play, offering frictional resistance to 


and Increasing v still more imd thus 
increasing the frictional drag till, 
ultimately, the satellite is burnt up or 
falls to the ground as did the Skylab. 
For a geostationary satellite like AP¬ 
PLE. the orbit has to be **fine-tuned*’ 
in two different ways: firstly, the 
perpendicular to the orbital plane 
must be in the same direction as the. 
Earth's spin axis so that the satellite 
passes over the same latitude always 
and, next, the period must be ad¬ 
justed to be the same T « 2ji/a) as the 
Earth's y)in period of one day. This 
can be done by simply chancing the 
orbital distance as indicated above, 
thanks to the angular momentum 
itself remaining constant. 

It is easy to find many examples 
around us of the use of spin to 
stabilise motion. Virtually all of this 
can be understood in terms of the 
conservation law of angular momen¬ 
tum. The interested reader might 
wish to challenge himself or herself 
by wondering about such things as 
the balancing of a bicycle, the rifling 
of a gun-barrel, the hovering motion 
of a frisbee, etc in this way. As the 
articles which follow make clear, 
even in such 'advanced' scientific 
contexts as the movement of heaven¬ 
ly bodies, a great deal of insight is 
provided by purely qualitative 
reasoning of this kind. 

Finally, the fact that circular mo¬ 
tion necessarily is accelerated motion \ 
has one major conceptual consequ¬ 
ence. In describing linear motion, 
with uniform velocity, we have the 
choice of the appropriate frame of 
reference in which to study the mo¬ 
tion. Evidently, if a particle moves 
with a uniform velocity as seen by 
one observer, it does so with respect 
to any other observer who himself 
moves with uniform velocity with 
respect to the first. Consequently, 
the description of the motion docs 
not depend on the observer as long as 
all observers are in mutually inertial 
frames, that is, they move with uni¬ 
form velocities with respect to one 
another. This “principle of relativ¬ 
ity" does not hold for two observers 
whose movements include a mutual 
rotation: rotating coordinate frames 
arc not inertial. Since Newton's laws 
of motion arc valid only in inertial 
frames, the description of the motion 
of a particle as seen by a rotating 
observer like one on the Earth rc- 

? |uires a passage from an inertial 
rame (for practical purposes, a 
frame fixed with respect to the dis¬ 
tant stars) to the non-inertial Earth- 
fixed frame. In particular, a force- 
free motion in an inertial frame will 
be an accelerated motion if seen from 
the rotating Earth. This acceleration 
can be shown to be perpendicular to 






Fig. 8. This series of Voyager 2 pictuioi ^ a 
T ethys Bhovtra its distinctive large crater. 468, 
km in diameter, as it rotates. These imagef;^^ 
were obtained at four-hour intervals baginning'^ 
late 24 August and ending earty the next 1 
The rotation indicatad by the position of thf ' 
crater Is real and not due to the changing ooifi*, * 
era angle 

both the velocity of the particle and , 
to the angular velocity of the Earths j 
It is called the Coriolis acceleration, 
and is often considered as due to the , 
action of a force called the Coriolis 
force. In spite of its origin in rathet 
fundamental and abstract distinction ^ . 
between inertial and non-inertial ^ 
frames, the Coriolis acceleration is a ' 
very real phenomenon and is respon¬ 
sible for such facts as the circular air! ^ 
currents in a cyclone which arc ami* 
clockwise (as observed from "bcr J 
low") in the northern and clockwise^ 
in the southern hemisphere. 
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I^e to the pull of its ultra-large 
;^^en slowing down for the last 
^;i|ecoming longer 

1; A REMARKABLE fact about 
f ;,ir\ the planets and asteroids that 
j iprbit the Sun is that, with a few 
‘;'j»oeptions. their rates of rotation do 
r.liot va^ very much from a median 
Mhie. The rates of the planets 
fSRge from about 9.8 hours (Jupiter) 
about 24.6 hours (Mars). The 
’f’‘periods of rotation of Jupiter, Saturn 
(. Uranus are all essentially equal, 
^^dbotit 10 hours. This near-uniformity 
t/'of the spin rates is ail the more 
'murkable as the ratio of the mass of 
f,Jhe snudlest asteroid to the largest 
;i.;plaBet is about 10". For most of the 
planets it is believed that the spin 
t’ ante has remained constant since the 
Ibal stages of formation of the solar 
qrstem. One planet, with which we 
are very familiar, is an exception to 
['. die rule and has been slowing down 
K ateadily for at least the past one 
! billion (10*) years or so. That planet 
1.; is the Earth. The Earth is also other- 
[ wise unique in possessing a compara- 
i ' lively large satellite, the Moon. The 
ridio of the mass of the Moon to the 
V' mass of the Earth amounts to 1.2 per 
cent. No other satellite-planet pair in 
s'tfae solar system has as high a ratio. 

; VDue to the presence of the Moon, the 
'< Earth’s spin rate is decreasing. Due 
.V lb its proximity, the Moon is kKked 
ion to the Earth so that at present the 
Moon’s period of rotation is equal to 
.\[the period of revolution around the 
:. Earth. In fact, most of the satellites 
''' in the solar system have spin periods 
'equal to the orbital period. 

The slowina down of the Earth is 
• jtist one of several phenomena (associ- 
:: .-ated with the rotation of the planet) 
that are of astronomical and geophy¬ 
sical interest. The axis of rotation of 
. the Earth moves in ^ace with re- 
r meet to distant stars. This motion of 
'' tne Earth’s axis is known as preces- 
f fma and was first reported by the 
;. astronomer Hipparchus in the second 
: century BC. The explanation of pre- 
' cession had to await the development 
[. by Isaac Newton of the theory of 
v gravitation. Precession is caused by 
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attendant the Earth's spin has 
billion years, and our days are 

the attraction of the Sun and the 
Moon on the equatorial bulge of the 
spinning Earth. A second phenome¬ 
non involves motion of the entire 
Earth with respect to the rotation 
axis. This is known as the “wobble’\ 
and was predicted by the mathemati¬ 
cian Leonhard Euler in 1765, and 
finally detected by Seth Carlo 
Chandler in 1891. Viewed from our 
vantage on the surface of the Earth, 
the wobble appears as a motion of 
the Earth's rotation axis within the 
Earth. 

We will discuss these and other 
aspects of rotation in turn. The 
change in the rate of rotation is not 
difficult to comprehend. An insight 
into precession may be obtained by 
observing the ordinary top. The wob¬ 
ble is somewhat more involved, but 
can be visualised through a few sim¬ 
ple kitchen-type experiments, to be 
described later on in this article. But. 
first, a few brief definitions of the 
terminology used. I'hey will make 
the subject clearer. 

The two points where the rotation 
axis of the Earth emerges at the 
surface arc the north and south rota¬ 
tion poles. The motion of the rota¬ 
tion axis within the Earth is equiva¬ 
lent to stating that the rotation poles 
move on the surface of the Earth. 
Note that the motion of the rotation 
axis within the Earth does not mean 



Fig.1. The equatorial bulge and the flatten¬ 
ing of the Earth. Primarily due to rotation, 
the equatorial radius is greater than the 
polar radius by 21 km. ^lany of the secon¬ 
dary effects of the rotation of the Earth are 
due to the presence of the equaioridf bulge 


that the axis is moving in space. In 
fact, except for the precession and 
nutation, the rotation axis may be 
considered to be fixed in space (that 
is with respect to distant stars). 
'T'herefore the statement that the 
rotation axis moves within the Earth 
really means that the Earth as a 
whole moves with respect to the 
rotation axis while the rotation axis 
remains fixed in space. 

The term spin is used interchange¬ 
ably with rotation; the spin axis and 
rotation axis are syno^mous. A day 
is the time that the Earth takes to 
spin around its axis once. Thus an 
increase in the rate of spin implies a 
decrease in the length of day (lod for 
short). Conversely, a decrease in the 
rate ot rotation means that the day is 
getting longer. 

For the benefit of the initiated, the 
term rotation axis is used here almost 
synonymously with the '"angular 
momentum vector**. Because ot the 
difficulty in visualising an axis that 
has no immediate physical express¬ 
ion, the former term is preferred. 

The Earth rotates from the west to 
the east; viewed from above the 
north pole, the rotation is in a coun¬ 
terclockwise sense. It is tautological 
to state that the Earth rotates once ev¬ 
ery 24 hours; for. until recently 
the hour itself was defined on the 
basis of the period of rotation. The 
linear velocity of objects at the 
equator due to rotation is about 
1,6(K) km per hour. Purely under the 
influence of self-gravitation the 
shape of the Earth would be a 
sphere. The principal departure of 
the shape from perfect sphericity is 
due to rotation; the Earth is flattened 
at the poles and bulges out at the 
equator. The radius of the Earth is 
6,378 km at the equator and 6,375 
km at the pole (Fia. 1). The size of the 
^'equatorial bulge** depends on 
the rate of rotation. If the spin rate 
declined, the bulge would become 
less pronounced. The equatorial 
bulge is responsible for other secon¬ 
dary features of rotation, such as 
precession, nutation and wobble. 
None of dsp Ihtte motions *w6ti)d 







totirtbn axis 

within tb^ Eaith. 

The rotation axis of the Earth is 
not at right angles to the orbital plane 
of the Earth, around the Sun. In¬ 
stead, the axis is tilted, and makes an 
angle of 66.53" to the plane. The 
complement of the angle, 23.47" is 
called the “obliquity” (Fig. 2). The 
existence of the obliquity is the domi¬ 
nant factor in the annual cycle of 
change in solar insolation in the 
northern and southern hemispheres, 
giving rise to the seasons. Normally, 
aspects of the rotation of the Earth 
and its orbital motion around the Sun 
do not invite the interest of govern¬ 
ments. But in the ISBO's there was a 
report of “great interest on the part 
of the Government in Washington” 
in a plan to reduce the obliquity of 
the Earth to zero. The project was 
put forward by the North Polar Prac¬ 
tical Association. The Association 
called for the firing of a heavy projec¬ 
tile to realign the Earth's axis in 
space! Presumably, the benefit to the 
United States woqld have been cli¬ 
matic with the elimination of the 





Fig.2. Sketch of the precession and wobble 
of the Earth's rotation axis. Although 
shown together in this diagram, the Chand¬ 
ler wobble and the precession are not 
related. The rotation axis takes 25,800 
years to precess once around the cone in 
space, and 14 months to go around the 
wobble cone within the Earth, The angle of 
the wobble cone is small, about 0.3 
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By examining the solar 
observations of Claudius PtomMi^ 


observations of Claudius Ptowmi^ 
(about AD 152) and Abdallah ail 
Batani (about AD 925) the astronOI^I 
er Edmund Halley discovered, 
1695, a discrepancy which he att^i; 
baled to the secular (that is, 
term) acceleration of the Moon. If 
orbiting satellite moves faster it n«#l 
move iarther away, and vice-vei^i^ 
Thus the acceleration of Moon im4 


plies that it must be gradually 
mg away from the Earth. The expl^)( 
nation of the acceleration was 

f iven by Immanuel Kant in 1754, ai? 
eing due to the friction between 
Moon-induced ocean tides and 
solid Earth (Fig. 3). The two 
sequences of 'tidal friction are thOv. 
slowing down of the Earth and tha^' 
acceleration of the Moon. Because pf 
a better understanding of the phy^c^,^ 
al process in the past few de^adeai,;: 
tidal friction is now recognised be^' 
tween other bodies in the solar 
tern, and between close binary Stan. !. 

This secular slowing down of the/' 
Earth is one of the three broad 4 


seasonal changes in temperature and 
precipitation. As it turned out, the 
proponents of the project did not 
take into account the presence of the 
equatorial bulge; it is virtually impos¬ 
sible for man to change the obliquity. 

rhe other aspect of rotation that 
has invited continuing interest from 
the authorities is the calendar. In 
1752, the British government de¬ 
creed through an act of parliament 
that the day following 2 September 
would be 14 September, rather than 3 
September, In effect the government 
had abolished the intervening 11 
days. Segments of the population did 
not appreciate the need for the 
change. Riots ensued because the 


second of arc 


known as the Gregorian calendar. 
The new calendar was not universally 
accepted right away. It took almost 
two centuries ior the calendar re¬ 
forms instituted by Pope Gregory to 
be finally accepted in Britain in 1/52. 
Ihc Gregorian calendar is the one in 
use today in India and most parts of 
the world for business and gov¬ 
ernmental functions. 

I here is a certain disadvantage to 
the Gregorian calendar in that each 
year does not necessarily start on the 
same day of the week and the number 
of days in the month are randomly 


classes of changes in the spin rate of 
the Earth. I'he other two are periodki 
changes, and irregular changes. Tte v 
rate of the secular change is about 13 / 
milliseconds (ms) increase in the ' 
length of day per century. T^', 
periodic changes amount to an in- ; 
crease or decrease in lod of about O.S 
ms, with periods of one year (annual)^ 
and six months (semi-annual). Irre¬ 
gular changes in lod are due to 
unpredictable acceleration or de*^ 
celeraiion of. the Earth and may 
amount to a 10 ms or so change over 
a period of weeks. 

The long-term astronomical obser¬ 
vations that led to the detection of 
the secular and periodic fluctuations 


citizenry thought that the govern¬ 
ment was cheating them oul of 11 
days of their lives and the wages for 
those days. 

The cause of the riots wcnl back 


distributed among the 12 months. 
In 1954 the (iovernment of India pul 
forward a proposal to the UNESC O for 
the worldwide adoption of a “World 
Calendar”, which would have re¬ 


in the spin rate of the Earth is only an 
indirect method. Since about 1955/ 
atomic clocks have become available 
with which changes of lod can 
monitored directly, much like one 


some 17 centuries, to the Roman 
Empire. In 45 B(' Julius Caesar asked 
the astronomer Sosigenes of Alexan¬ 
dria to devise an uniform calendar 
system to replace the confusing Ro¬ 
man .system that existed then. 7'he 
long-term correctness of a calendar 
depends on an accurate measure¬ 
ment of the number of days in a year. 
The length of the solar year used by 
Sosigenes was longer than the true 
value by 11 minutes and 14 seconds. 
Although to most of us a small error 
like that in a year would not matter 
very much, this small error built up 
over the centuries until it amounted to 
11 days by the time of Pope Gregory 
XIII in AD 1582. The Pope decreed a 
new calendar formula that is now 


moved the above drawbacks. Unfor¬ 
tunately the UNESCO did not adopt 
India's proposal and we continue to 
use the Gregorian calendar. 

TTiat the ancient astronomers were 
able to measure the length of the 
year quite ac^curatcly is demonstrated 
in the works of Aryabhatta, around 
AD 476. The length of the year 
according to his measurements was 
365 days 6 hours 12 minutes and 30 
seconds. The currently accepted 
value is 365 days 6 hours 9 minutes 
and 9.6 seconds. One must remem¬ 
ber that Aryabhatta did not have the 
benefit of either a telescope or an 
accurate clock, yet his error of mea¬ 
surement amounted to only three 
minutes. 


would use a slop watch to time the 
duration of, say, a sports competi¬ 
tion. There is a problem with the 
definition of the unit of time. Origin- 
ally, the second was defined as 
l/8640()th part of the day. To measure 
the changes in the length of the day, 
a new definition of the second that is 
independent of the lod became neces¬ 
sary. A second is now defined as the 
period during which 9492,631,770 
cycles of the hyperfine resonant fre¬ 
quency iif the ground state of the 
cesium 133 atom are counted. 

The spin of the Earth may be 
changed by three distinct physical 
processes: (I) a redistribution of 
matter on and within the Earth (or, 
in the language of physics, a change 











Eclipses in classical 
texts 

ALTHOUOti many of the phenomena 
involving the Earth's rotation are ex¬ 
plicable, there is much that is not. 
Modem observations date from the 
1700 s. Even though one speaks of 
secular, annual and semi-annual 
periodicities in the lod (length of day), 
there are other periods that are much 
longer, spanning decades and perhaps 
even centuries. These cun be identified 
and perhaps explained if reliable figures 
on lod can be elicited from ancient 
ustronomical observations. I'he quoted 
figure of the rate of secular change of 
. lod. 1.5 milliseconds per century, may 

■ in the axial moment of inertia of the 
Earth), (2) an exchange of rotational 
(-energy between the Earth and the 
' Moon (and the Sun), and (3) an 
' e^tchange of rotational energy be- 
tween the solid and the fluid parts of 
( the Earth. All three of these proces¬ 
ses act in various combinations to 
produce each of the three types of 
I changes in lod. 

Snowfall and rain are seasonal in 
V nature. There is a seasonal shift in 
v. mass in the evaporation and precipi- 
[ tation process. There are also season- 
^ ai changes in the wind blowing across 
I the surface of the Earth. The energy 
'' of the wind is transmitted to the solid 
^ \part of the Earth and, together with 




be confirmed or improved upon by the 
historical astronomical data. Solar 
eclipses have been mentioned quite 
frequently in ancient texts. There have 
been several attempts to use the histor¬ 
ical data, the most recent one is a book 
by Robert Newton. Considering the 
antiquity of civilisation in India, it was 
surprising to find that there is only one 
reference to an eclipse observed in 
India. Any additional references to 
solar eclipses in India will be of some 
value in the studies of long period 
changes in lod. To be of use, the 
description of the eclipse should have a 
date and place that can be tied in to 
current geography and calendar. Scho¬ 
lars of the classics in India please note! 

seasonal mass shifts, appears as the 
changes in the lod with annual and 
semi-annual periods. Thus the lod 
can increase or decrease due to wind 
action and the seasonal mass shifts. 
The irregular fluctuations in the lod 
are not yet fully explained, but may 
also be due to random changes in 
wind action. Additional discussion 
on the effects of wind on the Earth’s 
rotation will be found in the section 
on wobble. 

The long-term slowing down of the 
Earth is most interesting in the sense 
that it provides clues to the history of 
the Earth-Moon system. As men¬ 
tioned before, the Moon is unusually 
large for a satellite. There are several 


peried acq^tfire a large aatelltte. 
Among these is the ''capture hypoth¬ 
esis”. The Moon was originally a 
planet and h^pened to come too 
close to the Earth and was "cap¬ 
tured” by. the Earth’s gravitational 
field. Since that event, the rate of 
rotation of the Earth has been 
affected by the presence of the 
Moon. The Moon interacts with the 
rotation of the Earth through ocean 
tides. 

Fig. 3 illustrates the mechanism of 
tidal friction. The gravitational 
attraction of the Moon causes the 
ocean water to form two bulges. The 
bulges are aligned roughly along the 
Earth-Moon line on opposite sicks of 
the Earth. The Earth spins much 
faster than the orbital motion of the 
Moon. The orbital period of the 
Moon is 27.3 days. Viewed from 
space, the Earth is spinning while the 
bulging ocean water is stationary. To 
an observer on the Earth, the solid 
Earth appears to be stationary and it 
is the tides that ebb and flow. What¬ 
ever the view, the net consequence is 
that the water in the ocean is ‘Tub¬ 
bing against” the ocean bottom. The 
resulting loss of energy is maximum 
along the bottom of shallow seas. As 
a result of this "tidal friction”, the 
Earth is gradually slowing down, the 
day is getting longer, and the Moon is 
accelerating (see the box on page 
29V 

The tides in the ocean are a visible 
sign of the response of the Huid part 
of the Earth to the gravitational 
attraction of the Moon. Although wc 
cannot see or feel it, the solid Earth 
also exhibits tidal deformation. 'Fhe 
Moon also undergoes periodic defor¬ 
mation due to the gravitational force 
exerted by the Earth. The deforma¬ 
tion is such that there is significant 
‘'solid friction” and loss of rotational 
energy. As a consequence, the Moon 
has slowed down to a state where the 
spin period is now equal to the 
orbital period, about 27.3 days. As 
far as can be surmised, this is true for 
all large satellites in the solar system. 

Precession end nutation 

Because of obliciuity, the equato¬ 
rial bulge is shifted from the orbital 
plane of the Earth by 23.S degrees 
(Fig. 2). The gravitational attraction 
of the Sun and the Moon acts to 
displace the rotation axis so that the 
bulge will coincide with the orbital 
plane of the Earth. If the Earth was 
not spinning, the displacement of the 
rotation axis would take place within 
a very short time. Instead, the fact of 
rotation causes the spin axis to "pre- 
cess” in space, moving on a cone with 
a period of 25,800 years. As a result, 
the rotation axis will be pointing at 




Fig. 3. Tidal bulge and tidal friction. The 
tidal bulge should point in the direction of 
the Moon. Because of friction between the 
ocean and the solid earth, the bulge is 
carried in the direction of rotation. This lag 
angle is about T. The displaced bulge is 
responsible for the acceleration of the 
Moon 

different stars as time progrc.sses 
(Fig. 3). At the present time the 
‘pole star” is the star Polaris. Some 
12,(K)0 years hence the rotation axis 
will be pointing in the direction of the 
bright star Vega. 

In the absence of sufficiently bright 
stars in the region in between, there 
will be periods when there will in fact 
be no pole star. Some 5,()0() years 
ago, the rotation axis was fainting in 
the direction of the star Thuban. 

Periodic variations of the gravita¬ 
tional attraction of the Moon on the 
equatorial bulge has an effect similar 
to precession, termed ''nutation”. 
Nutation appears as a ripple on the 
prccessional cone. I'he period of 
nutation is 18.6 years, much shorter 



Fig. 4. Tha Pole Star. With precessional 
motion, the star directly overhead at the 
north pole changes with the centuries. 
About 5000 years ago the pole star was 
Thuban. The present pole star, Polaris, wiH 
not be so In a few thousand years. Around 
A014000 the bright star Vega will become 
the pole star 


vamplteidii of nutatioh h about 9^8** 
of arc, also much smaller than the 
23.5® prei^ssion. 

Precession exists because of the 
obliquity of the rotation axis. The 
obliquity itself is oscillatory, current¬ 
ly changing at the rate of 47” per 
century, with an estimated periocTof 
about 40,000 years. This periodicity 
of the obliquity is caused by the 
gravitational attraction of the other 
planets on the orbital plane of the 
Earth. 

Experiments with spinning eggs 

We can obtain a good physical 
insight into the motion of tne rota¬ 
tion axis within the Earth with some 
simple experiments with spinning 
eggs. The spinning boiled egg illus¬ 
trates the wobble. The spinning raw 
egg illustrates the spin of the solid 
and fluid parts of the Earth. 

The first experiment involves spin¬ 
ning a hard boiled egg around its long 
axis on a smooth kitchen table. As 
shown in Fig. 5, the egg executes a 
series of complicated motions to end 
up spinning around a short trans¬ 
verse axis. We find that however 


Fig.5. Rotation of a boiled egg. if a boiled 
egg is set spinning on a smooth table with 
its long axis vertical (a), the egg soon 
executes motions (b) such that it spins 
round its short axis Ic). The spin axis 
continues to point upwards. The egg 

hard we try, the egg always ends up 
spinning around the short axis. Even 
without any knowledge of physics we 
can state that for some reason the egg 

{ ^refers to spin around its short axis, 
n the language of physics, every free 
spinning body has at least one axis 
around which the moment of inertia 
is maximum. This axis is referred to 
as the "axis of figure”. In fact if the 
body is rotated around an axis that is 
not the figure axis, the rotation axis 
will slowly spiral towards the figure 
axis. Ultimately the two axes will 
become coinciuent. 

Fig. 5 also shows that we can 
describe the process by which the egg 
changed from the initial longitudinal 
axis to the short transverse axis of 
rotation as a motion of the rotation 


rotation pole passes from the tip cf . 
the narrow end of the egg to a 
in the middle of the egg. LookitiiC; 
from outside the egg, however, 
see that the egg has actually changM'l 
its orientation during the process 4 )^ > 
changing from a longitudinal rotatiem | 
axis to a transverse rotation axis. 
observer on the egg will note 
change of the orientation of the egg ^ 
charting the change of objects dire^r l 
ly overhead. For example, an obset^:^! 
ver looking overhead at the initiaf'f 
rotation pole at the narrow end 
see the ceiling of the room. With tw ^ 
motion of the rotation pole along th^; \ 
surface of the egg, the observer at Ae, ?! 
narrow tip will see more of the 
of the room and less of the ceiling; 

For the Earth, as a result of pw 
motion, the position of the stars over-:-’ 
head at any place will shift slightly,:| 
Measurements of the shifts in star^!- 
position and analysis of periodicity:^'^ 
led to the detection and confirmation- ^ 
of the wobble of the Earth. Twd,.i 
views of the process by which tha .. 
Earth expresses the tendency to rb*- v 
tate around the axis of figure de* ' 
scribe the same phenomenon. The . / 


moves with respect to the spin axis. An' 
observer on the egg will observe the 
rotation pole migrate along some compli¬ 
cated path from the tip at the. narrow end to 
a point in the middle 


Earth-fixed view shows a motion of 
the rotation axis within the Earth 
describing a cone. I'he space-fixed 
view shows a fixed rotation axis, with 
the Earth changing its orientation in 
space. Notice that with our egg the 
rotation axis keeps pointing vertically 
while the egg readjusts itself so as to 
be able to rotate around the stable 
axis. 

Our second experiment involves a 
raw egg. In attempting to make it 
spin, it is noticed that the unboiled 
egg is more difficult to spin than the 
boiled egg. Once it is spinning, it can 
be stopped by touching momentarily 
with a finger. As soon as the finger is 
withdrawn, however, :he egg starts 
moving again. If the same experi- 
mtiit is repeated with the boiled egg. 




It witt be tbuiid that the boiled ega 
does not move after being stopped. 
TTie reason for the strange behaviour 
:Of the raw egg is due to the fact that 
the outer solid shell is attached loose- 
jy to the inner liquid part of the egg. 
When we attempt to set the egg 
spinning, the liquid part docs not 
immediately follow suit. That 
accounts for the difficulty in setting 
the raw egg spinning initially. When 
the shell of the spinning raw egg is 
touched momentarily the shell is 
brought to rest; but the licj^uid in¬ 
terior is still moving. If the linger is 
withdrawn from the shell before the 
internal liquid has had time to come 
to rest the outer shell will be made to 
move again. 

On a rough scale the Earth is 2,9(K) 
km of the crust and mantle (solid), 
followed by about km of liquid 
core, and finally about another 1,2(X) 
km of solid inner core. Above us 
extends the atmosphere, and of 
course we must not forget the oceans 
(Fig. 6). Thus wc are looking at 
three main fluid parts-of the Earth, 
and two solid parts. The motiops of 
such a structure arc not simple. 
Because the two solid parts and the 
three fluid parts can move iitdepcn- 
dcnl of each other, several compli¬ 
cated and interesting features of rota¬ 
tion arise. 

The Chandler wobble and other 
wobbles 

Any periodic motion of the spin 
axis within the Earth is termed a 
wobble (Fig. 2); a permanent shift of 
the axis is called ‘"secular polar shift'’ 
or “polar motion". The amplitude of 
the wobble is given either as the 
angle of the cone described by the 
rotation axis within the Earth or as 
the radius (in feet) of the cross- 



Fig, 6. The structure of the Earth. The 
mantie and inner core are solid, while the 
, outer core is a fluid. In this sketch, the thin 
crust is considered a part of the mantle. 
The oceans and the atmosphere are not 
shown. The Earth's motions are complex 
because the different parts can move rela* 
tive to each other 


section of the cone in idle polar 
region. Secular polar shift will occur 
if there is a continuing and perma¬ 
nent rearrangement of the matter on 
and within the Earth, such aslhrough 
.sedimentation (matter is carried from 
the continents and deposited in the 
ocean), mountain-building, large- 
scale uplift or subsidence of land 
masses. 

The mean position of the north 
rotation pole during 'the five-year 
period 19(10 to 1905 is accepted as a 
geographical reference point. In the 
intervening 70 years or so the mean 
rotation pole has shifted some 20' 
towards eastern Canada. This, 
however, is not a true estimate of the 
secular polar shift. In the past decade 
a major development in the earth 
sciences has been the tecto¬ 

nics hypothesis". Fhe surface of the 
Earth is composed of several 
“plates", about 1(X) km thick, which 
move relative to each other. The 
measured secular polar shift cannot 
distinguish between the effect of true 
mass redistribution within the Earth 
and that due to the motion of the 
measuring instruments, carried along 
on the plates. 

Among the wobbles of different 
periods the Chandler wobble is the 
most noteworthy, which we discuss in 
detail. The others are, the “nearly 
diurnal wobble", the annual wobble 
and the semi-annual wobble. The 
nearly diurnal wobble has a period 
just a few minutes short of a day and 
is due to the motions of the liquid 
core. The estimated amplitude of this 
wobble is about 2', just at the border¬ 
line of detectability at the present. Its 
reality has not yet been confirmed. 
The amplitudes of the annual and the 
semi-annual wobbles arc 9' and V 
respectively. They are caused by the 
same processes that cause the annual 
and seasonal changes in the lod. I'he 
annual mass shifts change the posi¬ 
tion of the figure axis within the 
Earth, and excite the two wobbles. 

When Leonhard Euler worked out 
the equations describing the complex 
motions of a rotating body in 1765, 
he suspected that the axis of rotation 
of the Earth may not be coincident 
with the axis of figure. As a result the 
axis of rotation must be moving 
within the Earth. He expected the 
motion of the axis to be periodic, 
with a period of about 10 months. 
For some 120 years after Euler, many 
astronomers and physicists looked 
for evidence of a wobble of the Earth 
with a 10-monlh period, all unsuccess¬ 
fully. Finally Seth Carlo Chandler, in 
Boston, Massachusetts, announced 
the discovery of the wobble in 1891, 
but the period was 14 months instead 
of the 10 months predicted by Euler. 


Ilie dffmnce ^ due to the fact 
that Euler bad not taken into account 
the elastic deformation of the Earth. 
The amplitude of the Chandler wob¬ 
ble is about 4.25 metres, at the poles, 
or 0.14 second of arc. 

After the identification of the wob¬ 
ble the natural question was why 
does the wobble c^ist? Wc have seen 
that in the cas^^ of the egg, the 
rotation axis tends to move fairly 
quickly within the egg in order to 
ctancide with the stable axis of fi¬ 
gure. If for some reason the rotation 
axis of the Earth was not initially 
coincident with the axis of figure, 
then within about a I ,(K)0 years or so 
the rotation axis should have moved 
in to coincidence with the axis of 
figure. The conclusion is inescapable 
that some process is keeping the axis 
of rotation and the axis of figure 
apart, in spite of the constant tenden¬ 
cy of the axis of rotation to spiral 
towards coincidence with the axis of 
figure. The problem is culled “excita¬ 
tion ol the C'handler wobble" and is 
currently the topic of active research 
by geophysicists. 

There are two physical processes 
that can excite the Chandler wobble; 
(1) a rcdislribiilion of mass on and 
within the Earth that shifts the axis of 
figure; and (2) a realignment of the 
fluid parts of the Earth with respect 
to the mantle so that the axis of 
rotation is shitted internally. Large 
scale motion of the winds can make 
the Earth spin laslcr or slower, or 
spin with slightly shifted rotation 
axis. What we cannot calculate accu¬ 
rately is hv how much the winds can 
affect the spin of the Earth. The 
maximum effect of the wind must be 
by pressing against the rough part of 
the Earth's surface, as in the Hima¬ 
layas. Yet it is in those rough parts 
that we do not have close and precise 
measurements of wind velocity. Re¬ 
call that the wind motion affects the 
spin rale of the Earth, chancing the 
length of the day. Here the hypo¬ 
thesis is that winds shift the spin axisol 
the Earth, thus exciting the wobble. 

T'he mass of the core (the inner 
and outer cores taken together) is 
almost half the total mass of the 
Earth. The flattening of the core and 
the bulging out in the equatorial 
region is less than that of the whole 
Earth. If the core were an indepen¬ 
dent body, all its motions would be ol 
different amplitudes and periods 
from that of the whole Earth. 
However, the core and the mantle 
are attached together, and have a 
combined motion. Because the outer 
core is a fluid, there is some question 
as to how tightly (or loosely) the core 
and mantle are coupled. In addition 
the actual physical properties of the 
bottom of the mantle and the top of 
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The Earth-Moon 
distance is 
increasing 

The acceleration of the Moon is a direct 
consequence of tidal friction. If there 
was no tidal friction, one tidal bulge 
would be exactly in the direction of the 
Moon, and the other would be at the 
antipode. The gravitational attraction 
due to the bulges would be alqng the 
Earth-Moon line and there would not 
be any component of the force causing 
the Moon to accelerate (Fig. a). Be¬ 
cause of friction between the solid earth 
and the ocean water, the bulges of 
water are displac*ed slightly, by some 3 
to 5 degrees, in the direction of rotation 
of the Earth (Fig. 3; Fig. b). To an 
observer on the Earth this “tidal lag” 
would mean that the peak of the lunar 
tide will not be at the time at which the 
Moon crosses the meridian but some 10 
to 20 minutes later. 

The tidal lag makes the two tidal 
bulges asymmetric with respect to the 
Moon. The nearer bulge exerts a gravi¬ 
tational force on the Moon, as does the 
farther bulge (Fig. b). However, be¬ 
cause of the difference of the distances 
of the two bulges from the MtKin, the 
attraction of the nearer bulge is stron¬ 
ger thfin that due to the far one. Also, 
the two attracting forces are in different 
directions. A .simple resolution of the 


the outer core that determine the 
coupling are not known (this is called 
the core-mantle coupling problem). 
Is the bottom of the mantle rough? If 
so, the roughness can be a contribut¬ 
ing factor in the coupling. We know 
that the liquid core can conduct 
electricity, as possibly can the bottom 
part of the mantle. Depending on the 
strength of the local magnetic fields, 
the liquid core may be lightly or 
lightly attached to the mantle. Be¬ 
cause the core is so massive, and has 
a tendency to move independently of 
the mantle, any change in coupling, or 
any change in the motions of the core 
can appear as a change in the spin rate 
and/or a shift of the spin axis of the 
Earth, thus exciting the wobble. 

Finally we arc left with any process 
that can shift the axis of figure of the 
Earth. Until about 15 years ago there 
was no process that was considered 
sufficiently large to be able to do so. 
It has been proposed that large earth- 
quakes rearrange the mass world¬ 
wide on a sufficiently large scale to 
he able to shift the figure axis and 
keep the wobble alive. However, the 
idea has not been proven conclusive- 
*y yet. 





The role of tidal friction in the accelera¬ 
tion of the Moon: (a) If there was no tidal 
friction the oceanic tidal bulges would be 
aligned with the Moon. The gravitational 
attraction of the bulges on the Moon 
would be directed along the Earth-Moon 
line. There would be no net force on the 
Moon in the direction of the orbit to 
cause it to accelerate, (b) With tidal 
friction the two bulges are no longer 


aligned with the Moon, but displaced by 
some 3 to 5 degrees. The attraction of the 
bulges on the Moon are unequal and in 
different directions. The nearer bulge 
exerts a greater force on the Moon, (c) 
Combination of the attractive forces 
shows a resultant force in the sense of the 
Moon's orbit. The Moon is gradually 
moving faster, and away from the Earth 
es a result of this force 


two forces into components parallel and 
normal to the Moon's orbit, and adding 
the components together, show that 
the resultant is a net force in the sense 
of the Moon's own orbital motion (Fig 
c). Asa result of this f<uce the Moon is 
accelerating ever so slightiv. 

The distance of the Moon from the 
Earth is determined by the orbital veloc¬ 
ity of the Moon, as well as the strength of 
the gravitational ‘puli' of the Earth on 


the Moon. The weaker the pull and/or 
higher the orbital velocity, the larger is 
the orbit. The acceleration of the Moon 
thus implies that the fiarth-Moon dis¬ 
tance is increasing. The orbit of the 
Moon around the Earth is not a closed 
ellipse but instead is a gradually wide¬ 
ning elliptical .spiral. The Earth-Moon 
distance, which is about 384,(KK) km at 
present, is increasing at the rate of 3 cm 
per year. 


Physical effects 

Most of the physical effects of 
rotation are mentioned in high school 
and college textbooks. We will skim 
over these effects very briefly. Be¬ 
cause of the rotation of the Earth, all 
experiments and observations made 
on the Earth is on a rotating plat¬ 
form. Every first year physics student 
knows Newton's laws by heart. But 
these laws arc valid only in an inertial 
reference frame, that is, a reference 
frame that is fixed in space. The 
closest one can come to such an ideal 
reference frame is to define a coor¬ 
dinate system with reference to dis¬ 
tant stars. Because the Earth is a 
non-incrtial platform, phenomena 
observed on and from the Earth are 
subject to the influence of rotation. 
Long .range guns and missiles have to 
be corrected for the rotation during 
firing. Airplane travellers flying 
directly west notice the prolonged 
sunsets. The rotation affects the pre¬ 
vailing wind directions and the How 
of ocean currents. In fact all motion 
is affected through the Coriolis force. 
In one aspect or, another the fact of 
rotation touches the lives of all plants 
or animals. Many animals exhibit an 
internal circadian clock, developed 


after millions of years of evolution in 
a diurnally varying environment. 

Fhe magnetic field of the Earth is 
weak; but it provides a shield against 
cosmic rays. The source of the 
magnetic field is not yet known. But 
it is suspected that the field is due to 
large loops of electric current within 
the Earth. The current is generated 
by a “sclf-exciling dynamo”. Be¬ 
cause of the close association be¬ 
tween the magnetic axis and the 
rotation axis there is a strong possi¬ 
bility that the dynamo draws its 
energy irom Ihe Earth's rotation. 

The Earth-Moon system 

Wc have concentrated mainly on 
one aspect of the gravitational in¬ 
teraction of ihc Earth and the Moon, 
that of tidal friction and the conse¬ 
quent slow'ing down of the Earth. If 
one accepts the capture hypothesis of 
the Moon, particularly the one in 
which the Moon was originally in a 
retrograde orbit around the Earth, 
then some additional interesting and 
spectacular effects must have occur¬ 
red in geological times. 

Friction implies generation and 
dissipation of heat. The ‘'braking " of 
the Earth due to tidal friction must 



^’^Itiean that heat generated ts dissipated somewhere within 

Earth. As the Earth slowed down, it also must have 
i’^eated up. Because the original speed of rotation of the 
J Earth is not known, one can only guess as to the amount 
, of heating that has occurred, ’h is possible that the 
i; capture of the Moon has had some role in the formation 
and growth of the liquid outer core. 

Numerous orbital parameters of the Barth and the 
Moon are atlectcd by the tidal-gravitational interaction 
of the two bodies over a very long period of linje. The 
‘ eccentricity of the orbit, the orbital period and the spin 
period of the Moon have been affected by the Barth. 
Similarly, the Moon has influenced the obliquity and the 
Earth-Moon distance, in addition to the length of the 
day. 

The complete scenario is lascinaling. Initially the 
Earth was rotating with a period ot 2.6 hours, a very 
short day. The Moon was captured in a retrograde orbit, 
with an orbital inclination of about 5(1" and an orbital 
period of 50 Barth days. Due to tidal friction the Moon 
very gradually spiralled in towards the Barth until about 
t.2 billion years ago, when rapid and spectacular 
changes took place. Within a short period of lime the 
Moon approached to within IN,(MM) km of the Barth, as 
compared to the present distance of 384.400 km. I’he 
' orbital inclination incrca.sed to 90", a circumpolar orbit, 
with a period of 5 hours, down from 50 days. At tlic 
same time the obliquity of the Barth decreased to 10". 

* Unfortunately man had not evolved then, otherwise the 
sight of a gigantic Moon moving in a polar orbit every 5 
. hours would have been magnificent and unforgeitahle. 

From about 1.2 billion years there have been slow 
changes leading to the present state. I'hc obliquity 
increased to its present value of 23.5". The lod increased 
to 24 hours from the original 2.6 hours. The MooiTs 
orbital inclination decreased from 90" to its present 
value, and the orbital period increased to the present 
value of about 27 days. The Moon's spin rale changed 
until it became locked on to the Baith. 

In conclusion, we have seen that aspects oi ihe 
rotation of the Barth provide a rich field lor research and 
speculation involving current and past gcodynamic 
processes. In this article we have only briefly touched 
upH)n the more interesting aspects. With the current level 
of interest, there is a promise of continued dcvelopineni 
in this subdiscipline of geophysics. 
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MOMENTUM IN 
THE SOLAR 

SYSTEM 


D. ter Hear 

Why does the Sun spin so slowly? 


O UR solar system consists of the Sun, the nine 
planets (Mercury, Venus, Barth. Mars, Jupiter. 
Saturn, Draniis, Neptune and Pluto), various moons 01 
satellites of the planets, asteroids, and comets. The 
system shows certain regularities which may he the result 
of the v\ay it was formed. Some ol them may he also the 
result ol gravitational interactions between the bodies. 
There is at the moment no general agreement on ht»u 
the solar system was formed, or the way the planets anil 
their satellites were produced. These are still being 
vigoroiislv debated. However, the tact that the satellite 
systems of Jupiter, Saturn and Uranus seem to be 
miniature copies of the solar system, many think, 
provides an important clue. What should alsi> help in 
sorting out the various theories is the additional informa¬ 
tion the recent fly-past of Jupiter and Saturn by the two 
Voyager spacecraft is giving about these planets and 
their satellites. But in the present article, we are 
concerned merely with problems of the angular momen¬ 
tum in the solar system. 

What IS the distribution ot angular momentum in 
the solar system? We shall discuss only two aspects abinil 
w hich a lot of relevant data arc presented in Fables I and 
2. We have not listed Piuio in these tables, as it clearly 
does not belong to the ‘Tegular" system of planets. 

Table I is concerned with the total angular momen¬ 
tum ot the system. As the orbits of all the planets are 
more or less in the same plane, their angular momentum 
vectors are also practically in the same direction, so that 
all we need is to merely list the magnitude of these 
\eetors. I'his is done in the Iasi column of Table I. 
C ompanng the data in the second and the last columns 
ol this table, we note that while the Sun accounts for 99.9 
per cent of the total mass ol the solar system, only (1.2 
per cent ol the total angular momentum is vested in the 
Sun. (That the Sun rotates is easily seen by tracking 
sunspots, etc; see Big. 1). 

Fable 2 lists the angular moments of the planets and 
the Sun around their own axes. While calculating their 
moments of ineriia, we have made the simplifying 
assumption that they arc spheres of uniform density. The 
fact that this makes their moments of inertia rather large 
is. however, irrelevant to our present discussion. Now. 
although (he intrinsic angular moments ol the various 
bodies in the solar system vary very widely, an amazing 
leature emerges from the second table's last but one 
column: the rotational periods of the six outer planets 
arc the same within a factor of about two. Significantly, 
the rotational periods of most of the asteroids also lie in 
the same range. 


Let nbw turn our attention to 
the distribution of angular momen¬ 
tum. The angular momentum of the 
planets in their orbits is completely 
determined by the fact that in the 
gravitational field of the Sun they 
move in Keplerian orbits. Bodies in 
Kcpicrian orbits observe the follow¬ 
ing laws: each orbit is an ellipse with 
the Sun at one fiKUs; equal areas are 
swept out in equal times: and the 
square of the period is proportional 
to the cube of the distance from the 
Sun. 

The Sun itself rotates very slowiy. 
But why docs the Sun do so? For this, 
we must look into the problem of the 
Sun's formation. It seems that the 
Sun was formed with a very large 
intrinsic angular momentum, poss¬ 
ibly close to the value corresponding 
to rotational instability, that is. the 
value of angular momentum large 
enough to break up the star. 

Rotational instability occurs when 
the centrifugal force at a celestial 
body's equator equals its gravitation- 
al force. For the Sun with its present 
mass and radius, this would corres¬ 
pond to a rotational veloeitv of the 
order of 400 kilometres per .second 
rhis is, of course,' the same as the 
Kepler velocity at the Sun s surface. 
Such a high rotational velocity would 
not euily restore to the Sun the lion's 
share of the angular momentum in 
the system, but also lead to a rota¬ 
tional period of the same order as 
that of the Jupiter. As this also 
means that the Sun in the early stages 
of its life was rotating taster, one 
must find a mechanism for the Sun 
—and for that matter for any star — 
which helped it shed a large amount 
of angular momentum during its for¬ 
mation. We shall consider these two 
stages of the evolution ot the Sun’s 
angular momentum separately. 

One theory of the origin of the 
solar system, which goes hack to 
Laplace and was recently resurrected 
by A. .1. R. Prentice, assumes that 
the primeval Sun, while contracting 
regularly, shed rings of matter which 


contained the excess angular momen¬ 
tum. This would, of course, lead to a 
Sun with a rotational velocity of the 
order of 4(K) kilometres per second 
and, at the same time, to rings of 
matter from which the planets could 
form. Hurlicr. the same author had 
suggested another mechanism for the 
losing of the excess angular momen¬ 
tum. But, before we go further, let us 
look into the theory of star formation 
in some more detail. 

Genesis of the rotating star 

Let us consider a scenario for the 
formation of the Sun that follows the 
Reddish-Wickramusinghe collupsing- 
dust-cloud theory. An interstellar gas 
cloud with an average density of 
about 21) atoms per cubic centimetre 
and a total mass of about 10,(MK) solar 
masses will collapse and break up 
into tragmenis of about one solar 
mass each when it has reached a 
densitv ol about M).()(H) atoms per 
cubic centinietre. Al that stage it will 
rotate uniformly with an angular 
velocilv corresponding to a rotational 
velocity of about H) metres per 
second at the edge of the cloud, 
which has a radius t)f about one-third 
of a light year. As this corresponds to 
an angular momentum of the proto¬ 
star which IS about 10(K) times larger 
than the one corresponding to a 
rotational velocity ot 400 kilometres 
f>er second, it must shed about 99.0 
per cent of this angular momentum in 
this first stage. Practically all atoms, 
except the helium atoms, in this 
tragmem, will be condensed into dust 
grains. Hie helium will be partly 
neutral and partly ionised. The 
helium ions and the electrons, 
moreover, will be lightly lied to the 
interstellar magnetic field which ex¬ 
tends through the tragjiicnt and 
beyond. 

Let us now consider the dynamics 
of this system: the grains, subject to 
gravitational forces, lend to make 
the grain C(miponcnt collapse, while 
a VISCOUS drag force due to the 
neutral component (because of 



Fig. 1 . The great sunspot group of Mxy { 
1951r designated as Kodaikanai No, 96fK)' 
(KKL 9620), during its passage across the j 
solar disc from 10 to 21 May. Sunspots 
observed regularly for a few days show that 
the Sun rotates once m 25 days 

' 

collisions) will oppose the collapse, j 
The neutral component suffers a drag { 
due to the grains as well as the ' 
ionised component, while the ionised ; 
component is subject to the drag by ; 
the neutial component as well a$ a 
force due to the magnetic field (Fig. ' 
2). in the first stage of the collapse; j 
the neutral component stays put. | 
This is because the force due to the | 
ionised component is much larger 
than that due to the giuins. However* 
once the grain component has coF*. 


Table 7 

Planat Mass Mean distance Mean velocity Angular momentum with 



(M; in lO^^kg) 

from Sun 

(d; in 

in orbit 

|v; in km's) 

respect to Sun's centre 

(Li-Mvd; in lO’^kg m^/s) 

Mercury 

0.3 

6 

50 

90 

Venus 

5 

11 

35 

2 x 10 ' 

Earth 

6 

15 

30 

3x10’ 

Mars 

0.6 

23 

24 

4x10' 

Jupiter 

2 x 10 ^ 

78 

13 

2 x 10 ® 

Saturn 

600 

140 

10 

8 x 10 '' 

Uranus 

90 

290 

7 

2X10® 

Neptune 

100 

450 

5 

3x10" 

Sun 

2 x 10 ® 

(radius 0.07) (mean velocity 

(L,- 12 - 6 x 10 ^) 


at equator - 2 ) 


lapsed so that the drag force due to it ;■ 
on the neutral component exceeds 
that due to the ionised component* 
the grain and neutral components,! 
will collapse together This will leave i 
the ionised component behind, be- i 
cause it is tied to the magnetic field \ 
which in turn is tied to the magnetic ; 
field outside the proto-Sun. Finally* 
the collapse has proceeded so far that 
the drag on the ionised component 
due to other components exceeds the 
magnetic force and then everything 
— including the magnetic field — wifi 
be swept towards the centre. 

In the latter stages of the collapse* 
no angular momentum will be lost. 


i^t. in the first stage, the drag on the 
j|rans due to the neutral component 
tninsfcr anguhir momentiini 
ill^m the grain componcni to the 
component and then via the 
ilmteraction between the neutral and 
lllie ionised components and \ia the 
‘^(tiagnetic field to tin.' outside. Ouanti- 
ffaltve estimates of the total aiiumnt 
angulai momcnium so lost mdi- 
Isate that, indeed. aK>iii per cent 
of the original angular momentum 
-ian be shed in this way. I bus, a! the 
of this collapse process, we are 
(left with a central mass rotating with 
rotational velocity of the tnder of 
kilometres XT second, though, 
this stage, the Sun will still he 
j^Urrounded hv a gaseous envelope 
{Srom w'hich, later, the planets ma> he 
(jormed. 

f. 

f ; Lei us now see whclhei it is possi- 
>J>k to devise a process hy which the 
;ilOtationai velocity of the Sun could 
|;,tiavc been reduced Irom an initial 
lvalue ot the order ot 4IM) kilometres 
.;?per second to iis pi esc nr \aliie ol 
,[about 2 kilometies pet sccoiul. We 
jknusl thus onee again Imd a way to 
pose about W.S pet cent of the 
.angular momentum. Of course, as 
rfeon as there is a central condensa 
i^ion, which means that the proio-Siin 
fhas begun to look like the Sun as it is 
Mnow*. the tirigiilai velocity in the 
/ envelope will he gmerned niatnlv bv 
Itbc gravitational field ol the Sun I he 
fj'ingului velocitv in the envelope will 
, decrease as one moves awav Irom the 
S'lltffltre (compare the last but one 
:lx>lumn in 'lahle 1), and viseosiiv will 
.j'jead to a tiansport ol angulai 
.{momentum oulwaids However, \o 
! Jfind the magnitude ol this iransport 
j i^nc must lake into account the lad 
Vlhat it will be larger than what 
'•would caleiilate using the Niscoeilv 
5coefficient ol the gas. This is because 


Wagnetic ^ 

Held lines 
L 


Gravildtional 
force 



CerUrjfiigal force 


'ig. 2. A star m formation. The whirlincj 
j, loud condenses due to cn^^viiational 
1 ittraction among its constilotenis The Imos 
magnetic force threading the cloud are 
l/’Ompressed with it leading to an increase 
j n magnetic field .strength All matter m the 
i vloud is subject to a gravitational foice 
•{^hich acts inwards, towards the centre It 
I'si also aubiect to forces which act out> 
t^^varda^orce due to collision between the 
1 '.tnattw the centrifugal force due to 
j 'Otadbn. Only ionised matter is acted on by 
Ivhv ^iagnetic field 


Table i 



,..vv-r 



Planet 

M«m 

Radius 

Moment of 
inertia 

Axial 

rotational 

poriod 

Angular 
momontum 
around Rs 
own axis 


(M; in 10" kgl 

(R; in 10'm) 

(NV^MR•; 
in 10'“kg m4 

(P; in hours) 

(Lj^2jfl/P; in 
10 “'kg s ') 

Mercury 

0.3 

0.2 

4x10 ' 

1400 

5x10 “ 

Venus 

5 

0.6 

0.4 

6000 

10 * 

Earth 

6 

0.6 

0.5 

24 

4x10 “ 

Mars 

0.6 

0.3 

0.01 

25 

10 ^ 

Jupiter 

2 -10^ 

7 

2 x10^ 

10 

35 

Saturn 

600 

6 

4vl0‘ 

10 

7 

Uranus 

90 

3 

200 

21 

0.2 

Neptune 

100 

1.3 

35 

13 

0.05 

Sun 

2 -10' 

70 

2 v10- 

600 

6 x10- 


the envelope will be turbulent 
leading to an increased effective vis¬ 
cosity. ■ 

I bis transport ot angular momen¬ 
tum w ill Opel ale as long as the 
envelope exists. The viscosity itsell 
leails to dissipation and the increased 
visei)eilv will tend to break up the 
envelope sooner, which, in fact, 
leads a smaller Udal loss of angular 
niomeimim. In laci, when one puls 
luinierieal values inti) the equations. 
It turns out that the viscous drag can 
only carry awav a tun traction— 
probably not more than one- 
millionih ol the original angular 
momentum. This we estimate to be, 
in the units ol t ables 1 and 2, of the 
order ol Id , eonesponding to an 
equatorial velocity of the order ol 
41)0 kilometres per second. Thus vis¬ 
cous drag cannot aeeoun! lor the 
observed slowing down. 

Anoihei possibility whv the Sun 
lost most ol Its original angular 
momentum is that its (rotating) 
magnetic moment inieraeling with 
the suHounding ionised gas iransler- 
led some ol its angulai momentum to 
the lattei. 4 his process is analogous 
to (he slowing down, due to eddy 
eurrenis. ol a sheet ol iron falling 
Ihiough the gap ol an eleelro- 
magnet. As eaily-tvpc stars are so 
much voungei than the late-type 
stars, this mechanism would have 
worked during a much shorter period 
lor <)-, B-. and A-siars. I his might 
explain the tact that these bright 
voting stars are still on the whole 
rotating rapidly, while the older late- 
type stars like oui Sun arc on the 
whole rotating slowly. A careful 
study slu)v\s further that this electro¬ 
magnetic mechanism may be sulTi- 
cienllv etficient to have produced a 
slowlv rotating Sun. 

In summary, then, our Sun may 
have reached its present state of slow 
rotation m two ways. Ihc prolo-Siin 
mav have lost a very large fraction ol 
the angular momentum through a 
transfer mechanism using the tight 


coupling between ions and the inter¬ 
stellar magnetic field. And the re¬ 
mainder of the excess angular 
momentum wiiis perhaps shed by 
producing eddv currents in its sur¬ 
roundings — again a magnetic eftcet. 

To conclude this discussion of the 
angular momentum distribution in 
the solar system, I want to return 
briefly to the amazing fact that the 
rotational periods ot the six outer 
planets, as well as those of most 
asteroids, all lie in the same range, 
while their masses range from about 
10' kg for small asteroids to 2 x Id' 
kg lor Jupiter. Alfven and Arrhenius 
have shown that one can e.xplain this 
uniformitv of rotational periods bv 
considering how' an initially small 
nucleus will grow by accretion. What 
happens in such a process is that the 
grains hitting the proto-body hit it on 
an average with a velocity corres¬ 
ponding to an orbit which just grazes 
the surface ol the proto-body. Grains 
which have a larger velocity when 
closest to the proto-body will miss it 
— there is, in tact, a selection of 
grains such that only those w'ith a 
relatively small angular momentum 
with respect to the proto-body will 
strike It. As the average angular 
velocitv of the grains striking the 
proio-body depends solely on the 
density ot the proto-body, and as all 
(he bodies we arc considering have 
roughly the same density, we may 
expect roughly the same angular 
veiociiics, that is. the same rotational 
jx'riod for these bodies. 
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T HL computed orbits in niiiny A comet revolves around the Sun 
comets seem to ditler from the in various orbits. generall\ ellipses, 
observed positions every time they The orbital period of comets varies 
return to the solar system. lake from a icw years to a few million 
Comet Encke, discovered in 1786. years. When it is lar ott Irom the 
with a period ol .T3 years. It sui- Sun. it looks as a small tu/z\ patch ol 
prised cometary observers by return- light. Its brightness changes rnnrked- 
ing after each revolution about ly as it approaches the Sun. 1'his is 

hours too soon, a difference outside due to the cloud ol gas and dust, 
the possible errors of measurement called the coma. At the ceiMre o\ the 
or calculation. The fact was miticed coma is a star-like point source ol 
In Encke himsell as tar back as 1820. light called the “nucleus ' of the 
Tht orbit of a comet can he ealcu- It cannot usually he seen, 

latcd by methods based on Newton's 'vhen it is vei> lar a\va> Irom 

laws of gravitation. How good the Sun. as it will be maskeii b\ the 
deleriiiined orbit is will depend upon surrounding nehuloeity (Fig. I). I he 
the number ol observations available and the dust'tails (Fig. 2) ol the 
lor the comet. Since short-period ^''t-lop as it approaches the 

comets can be observed more often, essentially seen 

the orbits ol these can be determined ^^^'ar radiatum scalteied 

accurately. As a comet approaches ^*ast particles aiul b\ ic- 

the inner part ol the solar system, its ^'mission ot the solar radiation 
motion is influenced strongly by the absorbed by the gaseous material, 
planets. I he perturbations change Hie nucleus must be a permanent 
the trajectory ot a comet and could (catme ol a comet and most ol the 
be taken into account using high- obscr\ed phenomena are tlirecilv or 
speed computers. Earlier workers inclireclK connected with the nuc 
introduced the idea of a resisting 


Fig. 1. This photograph of the -perioditf i 
Comet Encke shows the central condenea^; 
tion, possibly indicating the nucleus of the: 
comet. The picture was taken on 10 ' 

ber 1980 

leus. The characteristics of the 
Icus have to be deduced from indirm 
evidence based on observations 
the coma and tail. At present, 
most successful model for the nucleti^ 
is the “icy-conglomerate*' model 
proposed in the 1950s by Fred Whifji^ 
pie, the well-known expert on 
ets. In his model, the nucleus 
compact body consisting of ice, 
nie materials formed out of hydf 
rogen, carbon, nitrogen and oxygen^ 
and meteoritic material. 

As seen in Fig. 3, when solaufi 
radiation tails on the nucleus, ii' 
quickly evaporates the material front; 
the surface. Fhe nulgassing occursOli^* 
the sunlit side of the nucleus wht^ 
gene tales a jet action, a forcf: 
pushing the comet away from the Suii'! 
(Fig.^ 3a). If the nucleus is rotatin|< 
(spinning), there will then be a time ' 
delay between the heating and the ’ 
e jection of the gas from any point Oft.; 
the sLirlace. If the rotation is in theji 
same direction as its motion around.^ 
the Sun, the delayed jet action wilE^ 
have a lorwaid component which wiU. i 
inerease the eomel's orbital period’ i 
(Fig. 3b). As a result, it will show up ’ 
later than predicted. On the other i 
hand, if the nucleus rotates opposite ; 
to Its motion around the Sun (Fig. ' 
the jet action will have a back¬ 
ward component. This will reduce 
the period of the comet. It will 
thercfoic show up earlier than pre*- ’ 
dictecl If the axes of rotation of the 
nucleus IS randomly distributed, then 
one should expect half of them to be ■ 
accelerated and half to be retarded. ; 
] his seems lo be consistent with the ^ 
observations. 

I he next step is to examine the 
variation of the rale of sublimation of 


medium it) explain the discrepancy 
between the calculated and observed 
arrival times 'of comets. However, 
the results of many comets demon¬ 
strated that the resisting-medium 
hypothesis is certainly not correct. 
Studies have shown that rtiughly half 
Ihe comets are accelerated and half 
retarded, w'hich implied an addition¬ 
al force not included in the calcula¬ 
tions, one which seemed non- 
gravitational in character. T'he rotat¬ 
ing icy-nueleus model of the comet 
provides u simple explanation for this 
non-gravilaiional effect. 

Fhe nucleus of a comet is esti¬ 
mated to be about a kilometre 
across. This small size makes it hard 
for us to observe. To understand the 
nucleus, it is essential to know some 
relevant feature of a comet. 


Fig.?. Photograph of 
Comet Mrkos (1957) 
clearly shows two 
tails—a dust tail and a 
gaseous tail. Cometary 
tails a’^e produced by 
matter evaporating from 
the surface of a 
cometary nucleus as it 
nears the Sun 
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l^lg^S. The result of outgassing on a comet- force is also along the direction of motion the Sun. The jet force is now in the 


nuclei, when <a) the nucleus does not 
^Ste, (bl the nucleus rotates along the 
!,|iilrection of motion around the Sun. The jet 

ft' 

Ltessiblc ice in comets with distance, 
prom a detailed work, it is now 
Ijpossible to make a meaningful com- 
^Iparison of the non-gravitational para- 
;)fncters for different comets as they 
Slrcpresent the relative mass loss rales. 
SI However, there was still a problem in 
I that one required the outgassing to 
pbe much higher than what was known 
that lime. Otherwise the jet force 
’,fwas not enough to exert an adequate 
iforcc on the comet. This dilemma 
f^as resolved when the Orbiting 
d Astronomical Observatory detected 
•for the first time in 1970 a large cloud 
;fof hydrogen gas from Comet 
■Bennett. The radiation from the 
molecule OH was also detected. In 
Vaddition to H and Oil being very 
;abundant, the ratio of the two indi- 
Icated that they arise mainly from the 
j) dissociation of the water molecules. 
Later on, the molecules H 2 O and 
'<H20'*’werc also detected. All these 
} give strong evidence that water is the 
^ major constituent of comets, which 
•in turn, supports the rotating icy- 
conglomerate model for the nucleus. 

Every time the comet returns. 
I.aewcr material on the surface of the 
: nucleus is exposed to the solar radia¬ 
tion because of the mass loss process. 
'The rate of outgassing of the mole¬ 
cules from the nucleus is a complex 
function depending upon numerous 
factors like, for instance, surface 
, temperature, nature of volatiles, 
structure of the nucleus like whether 
it is porous or there are cracks in it, 
temperature induced stresses, etc. 

There are certain other observa- 
itions, seen photographically and 
/Visually, on cermets which have been 
' interpreted in terms of the rotating 
'‘nuclei model, to get an estimate of 
phe rotational period and the dircc- 
tion of the spin axis of the qucleus. 

Many comets seem to show a 
broad fan-shaped coma coming out 
the central condensation and in 
|v the general direction of the Sun. The 


which increases the period of the comet, opposite direction to its motion resulting in 
and (c) the nucleus rotates in the opposite a decrease in the period of the comet 
direction to the direction of motion around 


width appears to change from comet 
to comet and with time. They have 
been interpreted in terms of aniso¬ 
tropy (non-uniformity) in the outgas¬ 
sing. I'hc sense of rotation obtained 
from these studies is shown to lx* 
consistent with the results based on 
the analysis of the non-gravitational 
force affecting their orbital motions. 
There is also a tendency for the spin 
axis to turn towards the Sun near 
perihelion—the point at which the 
comet comes closest to the Sun. (2) 
The photographic observations of 
many comets indicate successive ex¬ 
panding halos with velocities 
of about 0.5 km per second. Whipple 
has interpreted these observations as 
a repetitive ejection of material and 
gives a method for estimating the 
rotational period of the nucleus. The 
period for Comet Donati is found 
to he about 4 hours 40 minutes and 
that of comet Eneke, 6 hours 33 
minutes. In general, the rotation 
period is found to be between 4 and 
15 hours. 

The non-gravitational parameters 
indicate that about 0.2 per cent of the 
material is lost from each comet in 
one revolution. A study of the varia¬ 
tion of the transverse component 
with time is more significant as it will 
give a sort of life history of the nature 
of the nucleus. A thorough analysis 
of the comet Enckc, which has been 
observed for the last two centuries, 
has been carried out recently by 
Whipple and his co-workers on the 
basis of an oblate spheroid rotating 
about its minor axis. They are able to 
explain most of the observed pro¬ 
perties of this comet over this long 
time period. The results also show 
that the spin axis prccesscs with time. 

Therefore the outgassing from a 
rotating icy nucleus model can ex¬ 
plain not only many of the observed 
features of a comet but also secular 
(long-term) effects in the orbital 
mean motion of comets. 


The very small size of a cometary 
nucleus makes it almost impossible to 
observe many of the fundamental 
characteristics from the ground or 
even from Larth-orbiling satellites. 
However, the nucleus could be seen 
with a space probe which flies past it 
a few hundred kilometres away. Such 
probes are being planned for Comet 
I lalley which has a period t^f 76 years 
and is expected to be back in 19X6. 
I he European Space Agency is going 
ahead with a project. Other coun¬ 
tries. including India, are also mak¬ 
ing their own plans. Hopefully, with 
these closest approach studies, one 
will be able to answ'cr many of the 
unsolved problems, including the 
spin of the nucleus. 
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ROUND-UP OF RESEARCH 


Mutants of measles virus 


Mfasles is an acute, highly infectious 
viral disease and is of worldwide ende- 
micity. The causative agent of measles, a 
paramyxovirus, has a single, double- 
«;tranded RNa genome, whereas the close¬ 
ly related influenza viruses (orthomyxo¬ 
viruses) contain six to eight double- 
stranded RNA molecules. 

Of the six structural polypeptides of 
(he measles virus, the hemagglutinin (a 
protein on the surface of the viral parti¬ 
cles) is important for attachment of the 
virus to the host cells. Antibody against 
the hemagglutinin neutralises the virus 
As measles infection produces life-long 
immunity, the hemagglutinin of this virus 
was considered to be highly stable, pos¬ 
sessing only a single serotype. An attenu¬ 
ated measles virus (a suspension of 
weakened virus to produce active immun¬ 
ity) (Edmonston strain) is being em¬ 
ployed as the vaccine strain throughout 
the world. 

In a recent publication, M. J. fiirrer 
and ci)lieagues [Nature 293 67) rcp(»rtcd. 
for the first lime, that the measles virus 
genome is also subject to mutation. This 
important finding has forced scientists to 
revise their knowledge concerning the 
biology of this virus. The present work 
raises doubts about the wi.sdom of using a 
single-strain vaccine without adequate 
knowledge of the precise antigenic 
variant of the measles virus circulating in 
a particular population. 

The highly specific monoclonal anti- 
IhhIv prepared by the hybridoma tech¬ 
nology was used against the hemaggluti¬ 
nin. A large molecular weight protein 
may possess more than one antigenic 
dclerminuiit. Animals immunised with 
such a protein (immunogen) produce anti¬ 
bodies against thc.se and the resultant 
antiserum is a mixture of antibody mole¬ 
cules capable of recognising different 
antigenic determinants of ihe same im¬ 
munogen. Such antisera are not u.seful for 
determining minor variations in protein 
structure. But, the hybridoma clones 
produce antibodies against only a single 
antigenic determinant. Such monoclonal 
antibodies obtained from individual hyb- 
ridomas may, however, react with diffe¬ 
rent antigenic determinants of the same 
protein. 

The authors produced two hybridoma 
clones (F/20 and H-1) producing anti¬ 
bodies against the hemagglutinin of 
measles virus. Further, they screened 
measles virus for antigenic variants. The 
monoclonal antibody and live virus were 
mixed, incubated and cultured for selec¬ 
tion of any survivors. 

Many survivors were obtained with the 
anti-hemagglutinin antibody (F/20). 


These were neutralised by the IM 
monoclonal antibody, indicating 
differential reactivity of 
these virus particles. These 
variants in the hemagglutinin gene were 
stable and, therefore, further structural 
studies were carried out. Employing the 
technique of peptide mapping, the au 
thors showed that the variant and the 
wild-type virus differ by one. or only 
limited amino acid residues in the hemag¬ 
glutinin molecules (mw K0,0(N)). Further, 
they demon.strated that the measles virus 
genome is also subjected to mutation in 
nature. 

This wtTrk, therefore, clearly empha¬ 
sises the necessity of re-examining the 
differences between measles virus vac¬ 
cine strains and isolates from particular 
populations under study. The study was 
limited to only two antigenic determi¬ 
nants, but mutations could also occur in 
other regions of the virus structural pro¬ 


teins, as is revealed by other researchen.. 

Another virus of importance, that of ^ 
human rabies, had also been considerodj:' 
antigenically stable. Failure to protect • 
exposed individuals had. so far, beeil/^ 
attributed to low potency of the vaccine* j 
or to a delay in commencement of treats i 
ment. Recently, however, employing the : 
same methodology described above, the 
scientists have shown the presence of ! 
mutated glycoprotein in rabies viruses 
i.solated from human cases of rabies. In. 
laboratory experiments, the rabies vac-J 
cine could not protect animals against : 
challenge with such mutants. 

M. V. N. SHIRODKAfll 
J. M. OESHPANOE 

Or. Shirodkar is Head. Department Of' 
/irologv.at the Haffkine Institute. Bombay* 
His research fields include viral hepetltli, 
viral interference phenomena and interfer¬ 
on and host-parasite interactions. Or. Oe* 
shpande is with the Department of Virolo¬ 
gy of the same Institute. 


Cloning influenza virus genes in bacteria 
for influenza vaccine 


SOMF antiviral vaccines, such as those of 
polio, rabies and smallpox, are. usually, 
dependably effective. But, u similar vac¬ 
cine against a rather mild viral infection, 
influenza, p<^scs inherent problems due to 
constant antigenic variation in the virus. 
Hence, influenza must be maintained 
under constant global surveillance, includ¬ 
ing accurate antigenic characterisation of 
isolated strains. Vaccines currently 
employed contain a mixture of several 
strains of influenza A and B viruses so as 
to covet the known antigenic spectrum. 
New major antigenic variants must be 
added as they appear. 

Most attenuated influenza virus vaccine 
strains arc produced by recombination of 
a known attenuated virus with the 
epidemic strain. Following the production 
of a suitable recombinant virus strain, 



Tackllhg a flu epidemic 


appropriate studies must provide evk 
dence that the seed virus is free from 
extraneous viruses; that the virus is frea 
from propcrties,affecting the nerve tissue 
for monkeys and is completely ncut- 
ralisable by immune serum; that the vol¬ 
unteer studies provide proof that the vims 
is. attenuated and that the virus is genet¬ 
ically stable. These tests are time- 
consuming and hence, hy the time the ' 
attenuated influenza virus vaccines are 
ready for u.sc, the virus normally “drifts” 
antigenically to a new form. 

A novel approach to circumvent the 
problems arising from the use of a live 
virus for a vaccine is to express the anti¬ 
genic determinants of the virus in a bac- | 
terial strain. Antigenic determinants of 
the fowl plague virus have been expressed < 
in bacteria using a tryptophan operator/ 
promoter system. Recently, I. Heiland 
and M. J. Gcthing of the UK have suc¬ 
cessfully expressed the human influenza 
antigenic hemagglutinin (HA) in bacterial 
cells {Nature 292, 851). The procedure 
consisted of a series of sophisticated gene¬ 
tic manipulations, involving several 
enzymes. Plasmids, the cxtrac- 
hroniosomal elements replicating aut¬ 
onomously, we re used as the cloning veh¬ 
icles. 

The expression levels obtained at pre¬ 
sent were considerably lower (10 per cent) 
than those theoretically attainable. Also, 
the HA gene used in this work did not 
originate from an influenza strain which is 
currently causing disease. Nevertheless, 




. ... . . . 

h >, methods described «re widely appl- 
‘ icable and might possibly provide a basis 
« for producing a vaccine against a current 
' Strain if the levels of expression can be 
increased. 

The vaccine prepared by using the 
< cloned copy' of the hemagglutinin gene 
I should bypass some of the drawbacks of 
the live viral vaccine mentioned above. 

' However, extensive animal tests and 
j. human trials will still be required before 
the Vaccine could be ready for actual 
i immunisation. This would, once again, 
pose the problem t)f “antigenie shift" 

■ ' while the vaccine gets ready. The problem 
' could, possibly, be solved by using dna 
. i copies of the ha genes from various viral 
J' Strains and by cloning them into one, or 

• more, bacterial plasmids. 

• M. V. N. SHIRODKAR 

S. V. GADRE 

t Dr. Qadre is the Head, Department of Bac¬ 
teriology at the Haffkine Institute, Bombay. 


I Voids are also important! 

! COSMOI (KUSTS li:ivc SO far amsidered 
^ themselves liick> that the structure of the 
I universe on a sufficicntiv large scale is 
I relatively simple. This simplicity is seen 
f in two ways. II we survey 
; different directions,the overall structure 
I of the universe is found lo he the same. 

■ Thus there is no piefcried direction. The 
; second property, known as homogeneity. 

] tells us that if wc examine two different 
; (even widely separated) regions of space 
j we would find them similar in pioperties. 
j These two properties were assumed by 
I Einstein when he constructed what is now 
recognised to he the first in the modern 
j line of model universes. The currently 
J favoured big bang models of the universe 
also take these properties for granted. 

Howevei, theorists are vague when we 
ask the question; “What is the distance 
I scale over which we shoiihl expect these 
simplifying properties?" A green lawn 
seen from a distance loi>ks a uniform 
; expanse of green; however, when wc 
examine it closely at a smaller scale we 
detect inhomogcncities in the form of 
blades of grass, Kead a galaxy* for a 
. blade of grass and the ‘universe* for the 
lawn and you will get the first crude idea 
of homogeneity. 

, But is the distribution of galaxies 
homogeneous in the universe? Previous 
i studies showed that galaxies are largely 
' distributed in clumps or clusters extend¬ 
ing up to abodl .'to million light years. So, 
provided we arc talking about distances 
; larger than these wc may call the universe 
j homogeneous. 'Flie characteristic dis- 
f tances talked about by cosmologisls are 
about 3.000 million light years. So 
rj homogeneity has been a good assumption 
! to make 

. . .i m ii ■ i h i. . . . 
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Recently, however, ttotne studio have 
revealed that inhomogeneities in galaxy 
distributions may be as large as about 300 
million light years in extent. In particular. 
Robert Kirshner, Augustus Oemler (Jr), 
Paul Schcchter and Stephen Shectman 
from the United Slates have reported the 
discovery of a void of thi.s size in space 
(Astrophysical Journal Letters, 248 57, 
IMKl). The void lies in the northern sky in 
the direction of the constellation Bootes. 

The discovery of the void was made 
jfier the analysis of the numl>er distribu¬ 
tion of galaxies in three regions of the 
sky. All galaxies brighter than specified 
brightness limits were counted and the 
redshifts of most of them measured. 
When the histogram showing how many 
galaxies are in a given redshift range was 
plotted,a striking feature emerged. There 
was only one galaxy in the redshift range 
I2,(KK) to I8,(HKI km per second. Accord¬ 
ing to Hubble's law which tells us that in 
the expanding universe the vekK'ity of 
recession increases in proportion to dis¬ 
tance. the above gap of MW km per 
second corresponds to a distance gap of 
about 150 to .300 million light years. (The 
uncertainty in the range of the gap arises 
from the present uncertainty of I Iubble*s 
eon.siant.) Laterally also the gap extends 
over a similar distance. 

Normally, if galaxies were distributed 


ThI: dna contained in chromosomes of 
a living cell is the key material governing 
the various functions in the living organ¬ 
ism. Therefore, an understanding of gene 
regulation in higher organisms has been a 
major aim of molecular biologists. This is 
necessary lo unravel the mysteries of dif¬ 
ferentiation (fetal development of a mul¬ 
ticellular organism) and dedifferentiation 
(development of cancer). Combination of 
biochemical and bacterial genetics techni¬ 
ques has provided us with a detailed 
understanding of the functions of bacterial 
genes. However, this was not so far poss¬ 
ible in case of higher organisms since the 
mammalian genome is afleast a 10()0>fuld 
more complex than that of bacteria and 
also because of the restricted techniques 
that were available for deciphering such a 
complex genetic material— dna. 

Today, almost all the cancer-causing 
chemicals in bacteria have been associated 
with mutational changes in dna. How¬ 
ever. so far only a few consistent aber¬ 
rations in the chromosomes have been 
implicated in human cancer. Now. newer 
techniques tike the recombinant 
DNA technology and DNA sequencing are 
available which may help to probe directly 
into the arrangement of the genetic mat¬ 
erial in any specific type of cancer in com* 
parison with its normal counterpart. 

In one of the first reports of its kind 
(Nature 293 146 )• P. Humphries has 


unifomfly, we should hm mh about'25 ^ 

galaxies in a region of the size of the gap. 
However, we see only one. Is this statisti¬ 
cally significant? The probability of this 
observed deficit coming about by chance 
is less than one part in a thousand 
million. Still Kirshner and his colleagues 
are cautious in drawing any conclusions 
on the basis of statistics alone. 

Other instances of such in¬ 
homogeneities have been known before, 
although not on such a large scale and not 
in such a striking fashion. The current 
ideas of galaxy formation in the early 
universe will have to explain how such 
large-scale inhomogencitics come about. 

It is interesting to note, however, that 
inhomogeneities of just this size were 
predicted by Tommy Gold and Fred 
Hoyle in their theory of galaxy formation 
hack in 1M.S8. However, theirs was a 
steady slate universe which is currently 
nut of fashion! It is now upto the big bang 
pundits to produce a satisfactory explana¬ 
tion of this void. Meanwhile,Kirshner and 
colleagues are making more detailed 
studies of the void and its surroundings. 

J. V. NARLIKAR 

Prof. Narlikar is with the Theoretical 
Astrophysics Group at the Tata Institute of 
Fundamental Research. Bombay 


demonstrated a degeneration of satellite 
DNA sequences (a fraction of DNA of an 
organism, which has a different density 
from the rest, and is usually made up ttf 
highly repetitive sequences of DNA) in 
cancer of human gastrointestinal tract in 
comparison with those from the cor¬ 
responding normal tissue of the same 
patient. 

The satellite DNA is a unique charac¬ 
teristic of DNA of the higher organisms. It 
consists of millions of copies of very short 
nucleotide sequences which arc arranged 
one after another, but which have under¬ 
gone some divergence, so that the other 
hierarchies of repeat size can be detected 
by hybridisation techniques. The func¬ 
tions of satellite dna arc as yet specula¬ 
tive. However, with the available techni- 
que,s, it is relatively easy to find dif¬ 
ferences, if any, in sequences of the satel¬ 
lite DNAr. 

Humphries used human fetal liver dna 
to prepare a satellite DNA consisting of 
about 100 fragments. He then used this 
probe to compare the complementary 
sequences of satellite DNAs from his¬ 
tologically normal human gut mucosa and 
from gastrointestinal cancer from the 
same patient. The results showed that 
some of the hybridising sequences of satel¬ 
lite DNA from normal gut mucosa were no 
longer present in the corresponding satel- 
lite DNA from the gastrointestinal cancer. 


Molecular genetics and cancer 
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df the five individuals having gas- pointed out that in one case of colon 
trointestinal cancer, satellite dnak from cancer, no differences could be detected in 
tumours of two patients showed identical dna» of normal and cancerous tissues, 
patterns, whereas DNA* from cancers of Nevertheless, a distinctive satellite dna 
two others had quite different patterns, pattern of cancerous tissues was obtained 
But, ail of these differed significantly from in the other four cases when compared 
their normal tissue counterparts. In con- with their normal counterparts. The 
trast, however, no differences could be apparent rapid variability in the amount ot 
detected between satellite dna* from satellite dna» and their chromosomal 
normal and cancerous tissues in one case, locations may provide a means of altering 
According to Humphries, comparison of the overall genotype resulting in an 
such satellite DNA patterns between nor- abnormal growth. ITicsc few findings on 
mal and cancerous tissues should lead to satellite dnas in gastrointestinal cancers 
assess their significance and usefulness may or may not hold good in other human 
during onset of the disease. Further, it cancers. However, the lead given by him 
such changes could be associated with needs to be pursued, for there is much 
ieukemias, a quantitative molecular gene* more to be learnt about the human 
tic probe would be available for monitor- genome, 
ing the disease during therapy. 

It must be emphasised that the V- NARURKAR 

biodeciphering oi molecular genetics in 

llu- mammalwn genome is much more NarurKar heads the Cellular D.f- 

complicated. Besides, there ts a lot ol indi- ferentiation Processes Section in the 
vidual variation in the patterns of satellite Biochemistry and Food Technology Dm- 
DNAs of normal gut mucosa. It may also be sion. BARC. Bombay. 


A new insight into photosynthesis 

PHO IOSYN tursis IS the prcKcss by which Arnon in 1959, not only produces ATP but 
green plants trap solar cncrg> and convert also free oxygen and the reduced lorm of 
It into chemical cnerg>. nic energy nicotinamide adenine dinucleotide phos- 
requiremcnls ol all living organisms are phalc (NADP) A refined version of lineai 
ultimatrly met by this energy trapped by photophosphorylation is the Z scheme 
plants. Photosynthesis IS ii highly ctmiplex (named so because of (he shape of the 
and multistage process which reduces car- graphs of the oxidation-reduction pnien- 
bnui dioxide tii eaihohydrates with the tials involved). 

help ol light. The presently accepted Z scheme of 

Light is absorbed hv matter in multiples pholosynthetic electron transport 
ol specific amounts called quanta. In involves oxidation of water through the 
photosynthesis, thcii energy is converted cooperation in scries of the two pholo- 
mto chemical energy in the form of systems. The PS 1 and PS 11 are linked by 
adenosine triphosphate (ATPi, also called plasloquinone whose main function is to 
ihc energy currency ot the cell. Photo- transport protons from the outside tt> the 
synthesis also produces reducing cqui- inside of Ihc chloroplast membrane. T he 
valcnts. Two pigment systems must he protons liberated from water oxidation 
excited to perfoim efficient photo- and subsequent movement of protons to 
synthesis: photosyslem I (PS I)consisting the inside by plastoquinonc generates a 
mostly of chloiophyll a and the (nher, /»H gradieni which is used for making 
photosyslem II (PS 11), containing a A'lP According to the 7. scheme, PS I and 
major part of chlorophyll h and other PS II should exist spatially close together 
auxiliary pigments. Efficient photo- in the chloroplast membrane and in moie 

synthesis also requires die absorption ol or less equal quantities for linear electron 

an equal number of quanta in rs 1 transport. 

and in PS II. Cytochromes, the Prof. Arnon and his colleagues 
complex iron-containing proteins have challenged the Z scheme from 
m the plant cells, tunelion efficiently as time. In their recent papei 

electron carriers in biological redox tcac- (Proccedinfis of the Nuional Academy 
lions along with other oxidation- of Sciences, USA 78 2942), (hey 
reduction catalysts such as.plastoquinonc have demonstrated, using ESR techniques, 
(PO),which is the most important. tl^at there is no involvement of PS 1 in 

The two phoiosystcms carry out two transporting electron.s from water to fer- 
lypcs of energy conversions, cyclic redoxin.Thcy have also shown that rcduc- 
(involving only PS I) and noncyclic lion of NADP or ferredoxin from water can 
(linear—involving both PS 1 and PS II) be inhibited by antagonists of plas- 
photophosphorylation. In the cyclic pro- loquinone. But more interestingly, the 
cess, the quanta of light, on interacting reversal of this inhibition by comp<mnds 
with P.S I. induce a cyclic electron flow that permit proton movement across the 
giving rise to a proton gradient which membtane has also been reported. They, 
drives ATP synthesis. Linear photo- therefore, argue that plastoquinone could 
phosphorylation, discovered D. 1. not be functioning as a link between the PS 


fl and PS !but it may rather bt involved Ifi; 
transponing protons liberated during] 
water oxidation. Based on these and som^ 
other observationSfthey have postulated) 4* 
new scheme called ' oxygenic photc^l 
systenr’. 

T'hc main features of the new schema^ 
are that ferredoxin is reduced by PS U 
the function of pla.sloquinone is to tranS':^ 
locale protons ari.sing from water oxi¬ 
dation to the inner space. In their new 
scheme the PS I has been assigned ttie.] 
function of only cyclic phosphorylatidil 
and is designated as the “anoxygenm 
photosystem”. 

The main question is whether the new; 
scheme can replace the 7 scheme. It could*, 
provided it explains a great deal of well 
documented data. And. of course, if the 
observations reported by Arnon and his| 
colleagues are reproducible by others. It 
3 well-known fact that plastoquinone j 
antagonists block almost completely then 
reduction of ferredoxin in an uncoupledn 
system. The antagonist concentration! 
used by Arnon and his colleagues tsfl 
apparently inadequate. The new scheme fl 
fails to explain this as also the enhance-, 
mcnl of NADP reduction in isolated » 
chloruplasts, observed even by Arnon and.s 
his colleagues. Also, it is inconsistent with ‘ 
several other observations and hence sci-! 
enlists working in this area will be hesitant 
to accept it. However, considering the 
valuable contributions made by Arnon in' 
the past 25 years, his proposals must 
receive due consideration, though it is 
highly unlikely that the new scheme will 
be proved correct. ^ 

P. V. SANE 

Dr,Sane heads the Agricultural Biochemis¬ 
try section of the Biology and Agriculture 
Division of BARC, Bombay. Photosynthesis 
IS his.special area of research. 
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A BOU I 5(M),(KMI lives were losi 
in one of the most severe 
cyclones that hit Bangladesh (then 
East Pakistan) in November i<!^70. 
The Andhra cyclone devastated the 
eastern coast of India, killing about 
]0,0(K) persons in November 1977. 
Though cyclones occur all over the 
world, the Bay of Bengal is one of 
the ideal tropical cyclogcnesis areas. 
And most of the cyclones occur in 
October and November. 

Tropical cyclones and hurricanes 
strike certain low-lying coastal re¬ 
gions around the world every year, 
causing heavy loss of life and proper¬ 
ly. They have occurred in all oceans 
except the South Atlantic. They are 
known by various names—hurricane in 
the North Atlantic, Carribcan Sea, 


km per hour, 'f'he highest wind 
speeds in cyclones which have hit the 
Indian coast in the past KK) years 
have been about 220 to 240 km per 
hour. 

The formation of the cyclones in 
the Bay of Bengal is strongly related 
to the seasonal migration of the 
Intertropical (onvergence 2^)ne— 
the /one of low pressure and con¬ 
vergence of the trade-wind easterly 
systems of the two hemispheres, 
across the bay. Phis zone migrates 
seasonally as far as 15" or more north 
and south of the equator in some 
places; it reaches its northernmost 
point in .September and south¬ 
ernmost in March, corresponding to 
the seasons of highest temperatures 
in the oceans. When it is at or near its 


pfliys a part in the forrhatiofi of 
trraical cyclones. 

The processes leading to the for- j 
mation of tropical cyclones arc nt^ 
well known, although several plausi^,'| 
bic theories have been presented.'?^ 
For cyclonic wind circulation to dc^s .i* 
velop, air currents near the ground i 
must start to converge (as happens in • 
the Intertropical Convergence Zone) 
and accelerate the process of rota** | 
tion, which is related to the rotation 
of the Earth about its axis. Since this’^ 
rotation becomes negligible at the'] 
equator and is very small within som6 
hundreds of kilometres from there, v 
cyclones rarely form between lati* ; 
tudes 5"N and 5'‘S, though there are aV 
few exceptions—for example, Sri'/ 
Lanka cyclones of 28 November 
1922 and 20 December 1964. Further * 
since ihe life of the tropicalV 
cyclones depends on their uptake of i 
heat and moisture from the ocean^ , 
they cannot develop over sea sur¬ 
faces with u temperature less than 
26"(’. rherefore, tropical cyclones i 
generally form between 5"N and LV’N 
in the warm waters of the Bay of 
Bengal along the Intertropical Con¬ 
vergence Zone. 

The formative periods of tropical 
cyclones arc spent over the sea. 
Drawing energy and moisture from 
the warm sea, they intensify to full 
strength and move west, north-west 
or even north to hit the cast coast of 
India. Of the storms that develop in j 
the bay, over 50 per cent approacn or 
cross the east coast in October and 
November and 3(1 per cent in the 
premonsoon season. An important 
feature is that, along a vast stretch of 
the cast coast of India, there are a 


Ckiir t»f Mexico and Eastern Pacific, 
typhoon in the western North Pacific, 
‘Willy-willy' in Australia, and Baguio’ 
or Daniio’ in the Philippines; 
elsew here, I hey are just called tropical 
cyclones. Several countries givi 
special names to these storms. Foi 
instance, the US National Weather 
Service identifies hurricanes In* the 
names of women—Belle, Camille. 
Gracic, Kathleen, etc. Hurricanes 
are named alphabetically every year 
starting from the beginning of the 
year, in the Indian subcontinent, 
tnipical cyclones arc named after the 
place of landfall (the place at which 
the cyclone strikes the coast), lor 
example, the Chirala cyclone, the 
Chittagong cyclone, etc. 

Cyclones are large vortices in the 
•atmosphere, extending from 150' to 
J,2(XI km, in a horizontal direction 
with fierce winds spiralling around a 
central low pressure area. A cyclone 
covers roughly a distance of 300 to 
.500 km per day. The maximum wind 
speed associated with a mature cyc¬ 
lone could be as high as 150 to 250 


seasonal maximum displacement, the tew strips which are more vulnerable 
Intertropical Convergence Zone to tropical cyclones. These areas are 



Fiq. 1 Cyclones, in the coastal districts on the east coast (Courtesy: India Meteorological 
Oepartmentl 
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own in Fig. 1, which provide the 
; ! landfall of cyclonic storms on a dis- 
j ? trictwise basis. Very frequently, 
\ \ these cyclones change their tracks and 
«? recurve towards the north-easterly/ 
^ J east-north-cnsterly direction to strike 
;;!, the coasts of Bangladesh and Burma. 

S ^ 

\ ^ Surge phenomena 

•< y 

: It is the “Storm surge ' which is the 

i I most destructive element associated 
with intense tropical cyclones. Most 
f of the human disasters caused by 
^ ji tropical cyclones have been attributed 
\to storm surges. A storm surge is an 
‘ 5 abnormal rise of sea level caused b\ a 
§ ^ cyclone moving over a continental 
shelf. A surge is caused by the 
I interactions of air. sea and land, fhe 
«cyclone provides the driving lorces m 
?, the form of a very high horizontal 
I? atmospheric pressure giadient and 
; I very strong surface winds. As a re- 
; suit, the sea level rises and continues 
to rise as the cyclone appnniches the 
iff shallow water, and reaches a ma.x- 
% imum on the coasi near the point of 
J landfall. 

? The storm surge at any place may 
<$ be divided into three stages—forc- 
ij runner, the main surge, and resurg- 
I ence. A forerunner is the gradual rise 
1;^. of .sea level preceding the main 
f storm; even when the cyclone is far 
■ijl from the coast, some broad-scalc 
I disturbances seem to produce varia- 
j tions of coastal sea level. The main 
f surge follows after the storm surge 
I' rises to its peak; the period of the 
i main surge at a place varies from a 
* few hours to more than two or three 
days, depending on the speed of the 


cyclone. Resurgence follows the 
main surge. The sea level gradually 
tends to return to the normal state in 
this stage. It includes, however, va¬ 
rious kinds of oscillations due to 
topographic and other effects. The 
resurgence may sometimes continue 
for two or three days. Resurgences 
arc al.so hazardous, particularly for 
marine and inland shipping, ^urge 
waves inundate vast stretches of 
coastal area and wash away all that 
conics in their way. During the 1977 
Andhra cyclone,* the surge water 
extended inland up to about 12 km, 
affecting Divi, Edurumondi ancf Elc- 
tidibba islands at the estuary of the 
river Kri.shna and the mam coast 
south of Masulipatnam. The tidal 
bore went up the river Krishna and 
flooded the embankments as far 
north as Rcpalle taluka. Fig. 2 shows 
the areas affected by surge waves. 

Littoral countries of the Bay of 
Bengal 

Statistics show thai only about 15 
per cent of the global tropical cyc¬ 
lones form in the Bay of Bengal; they 
are known to be of shorter life (2 
days to 7 days) and less intense than 
hurricanes and typhoons. Even so, 
counirics surrounding the Bay of 
Bengal (India, Bangladesh and Bur¬ 
ma) suffer most in terms of loss of life 
and property caused by the surges. 
1‘he reasons, besides the lack of 
adequate and accurate prediction, 
are the low lands all along the coasts 
and the considerably low-lying large 
deltas such as the Gangetic and 
Irrawaddy deltas. I'he 1876 Bakher- 




R^ Area affected by 
tidal waves 


; Fig. 2 Tidal inundation due to the Andhra Pradesh cyclone in 1977 


K oydohe, whidi mbv^ Utignii' 
en Calcuta and Chittagong* 
produced a surge about 12 metres 
nigh, engulfing several islands and 
coastal areas; over one hundred 
thousand people drowned. Looking 
at the enormity of the loss and 
rehabilitation costs, the government 
of the day decided to .set up a 
meteorological department for the 
country to minimise the loss of lives 
on account of floods. 

One of the most severe cyclones 
hit Bangladesh in November, 1970. 
About 5(K),(KX) lives were lost. The 
damage to property was colossal. 
Near Chittagong, the sea surface rose 
by 6 to 9 metres. About 65 per cent 
of the total annual fishing capacity of 
coastal areas was destroyed. 

T he November 1977 Andhra Cyc¬ 
lone, which hit the eastern coast of 
India, killed about U),(XK) persons 
and caused an estimated loss of Rs. 
2(K) LTorcs. The height of the surge 
waves was estimated to be more than 
5 metres. The tidal waves entered as 
far as 12 km inland. Four severe 
cyclonic storms struck the Burma 
coast during the last decade, the 
Bassein storm of May 1975 being the 
most intense. The surge induced by 
the storm inundated land extending 
up to 95 km from the Irrawaddy delta 
region. According to local author¬ 
ities. the highest water level of about 
5 metres ticcurrcd not along the 
shoreline but about 50 km inland; the 
surge water had penetrated deep 
inland through the large river sys¬ 
tems and estuaries joining the Irra¬ 
waddy deltaic area. Tabic 1 lists the 
number of deaths associated with 
cyclones in which death tolls ex¬ 
ceeded 5.(KH) lives. Of the 20 major 
cyclone disasters. !4 occurred in 
India and Bangladesh. And about 67 
per cent of deaths took place in India 
and Bangladesh. The casualties 
would have been considerably lower 
if the surges could have been pre¬ 
dicted, say, 24 hours in advance. The 
prediction must, of course, be accu¬ 
rate enough so that one can disting¬ 
uish between dangerous surges and 
the surges that cause little harm; 
people cannot be evacuated for every 
approaching storm. 

Factors rosponsibla for devastating 
surges in the Bay of Bengal 

What are the factors that cause 
severe flood situations in the Bay of 
Bengal region? The surge height is 
inversely proportional to the depth of 
water, that is, the deeper the water, 
the shorter the surge height. When a 
cyclone is in deeper waters away from 
the coast, the surge is not very high. 
This is because the wind cannot 
produce a strong motion in deep 



... 


Devastation caused by storm surges 


Onk of the earliest cyclones 
documented in historical records foiled 
the Spanish attack on the lower Caroli¬ 
na settlements in the USA on 4-5 
September I6K6. The Spanish Arm.ida, 
which landed near North Hdisto Island 
on 4 Sc|ltember and was headinp to 
wards Stuart Town near Beaufort, had 
to abandon ihe attack due to j^ale- 
strength winds (wind speed more than 
17 metres per second) ot the cyclone. 
The Gulf of Me.\ico and (he east coasi 
of the liS arc concave m sliapc ami ioe 
therefore vulnerable to storm surges. In 
Imrncanc Camille generated a 
7.4-metre high surge in the Gulf of 
Mexico, which was one of the highest 
ever recorded in the US. Another 
severe cyclone struck the Gulf of Mex¬ 
ico near the 'I'exas. Louisiana ln)Klcr on 
the night ot 2o07 June 1^75. a surge 
height of 3 to > metres was reported 
along the coast and the i>cean waves 
enteied the lowlands .>1) lo Hid krn 
inland. 

In Japan, singes quite treqiientlv 
exceed heights of 2 melies On 
September H>59, a typhoon moved over 
Ise Bay and whipped up a peak singe ot 
3.6 iiieties near Nagova. Another 
typhoon produced a surge ot J S metres 
near Osaka m Osaka Ba\ on lo Septenv 
her I%1. Several surges have oeciined 
in Korea. A lyelone ot seveie miensit\ 
struck the wesiein coast of Koiea i.n 29 
July l%5. generating an unusually large 
surge of about meties 

Nearer home, llmui Kong harboui 


experiences three to four storm sur:ges 
every year. On most occasions, the 
surge htMght does not exceed 2 metres 
but some had gone up to 3 metres. 
'Lyphorm Lucy produced a surge of 3 
metres in July, 1971. South China also 
experiences major surges every year. In 
1881. a typhoon struck the South China 
coast, drowning about 3fK),(XKJ people. 

Coastal regions in Thailand face ont? 
to two majoi surges everv year. Maximum 
surges of 4 metres hioe been reported 
from this region. The Philippines also 
experiences pronounced storm 
surges every year. A cyclone which 
struck the towns of Leyte and Cebu in . 
October, 1912 generated the surge of 
about 9 metres in Sogod Norte. 

Consideiabic damage is caused every 
year in Australia due to storm surges. 
One of the earlier cyclones which pas¬ 
sed over Bathurst Bay and hit Barrow 
point on the eastern coast of Queens¬ 
land on 5 March 1899. caused an 
exceptionally high surge which rushed 5 
km inland. Lwo cyclones of great inten¬ 
sity occuiied in recent times. The first 
one. Althea, struck the Queensland 
coast on 24 necember, 1971; it raised a 
Miigc of about 3 metres in Townsville 
harbour. The second cyclone Tracy 
destroyed Darwin, the main port on the 
north coast of Au.strahiu on Christmas 
Day in 1974. However, the peak surge 
associated with this cyclone w'as only 1.6 
metres Most of the damage w'as caused 
bv strong winds. S K D 

M.P.S. 


wgitel^. M cyctofie' htomaches 
the shallow coastal water, the surge 
begins to amplify. It is easier for 
winds now to stir almost the whole 
depth of the shallow water. Bc.sides, 
as the water is driven from a deeper 
region to a shallower region, the 
water level must go up because of 
mass conservation. Since much of the 
northern Bay of Bengal is less than 
10 metres deep, it provides a favour¬ 
able condition for surge amplifica¬ 
tion. And the bay gradually con¬ 
verges to the north. Because of this 
converging nature, a storm blowing 
straight into it may funnel the water 
towards the north (depending upon 
the track of the cyclone). C.’onverg- 
ence then leads to the piling up ol a 
strong surge in that area as the water 
driven or funnelled towards the 
northern part of the bay cannot 
escape sideways. If the arrival of the 
surge also coincides with high tides, 
extensive flooding may occur due to 
•1 non-linear tide-surge inieraction. 

In the northern part of the head 
bay are numerous small i.slands and 
five large islands. These islands arc 
thickly populated and the coastal 
areas are generally less than 5 metres 
above the mean sea level. These 
islands may act as agents to arnplih 
surge water in the channels lying 
between them because of mass con¬ 
servation reason. 

One of the world's major river 
systems (Clanga-Brahmaputra- 
Meghna) meets the Bay of Bengal in 
Us north-eastern corner. Besides this, 
a number of other major rivers flow 
into the bay along the cast coast of 
India. The enormous discharge ot 
iresh water carried by these rivers 
may modify the tide and surge siliia- 
lions. Further, the presence ol such a 
large number of waterways may help 
a surge originating in the bay to 
penetrate deep inland. A consecju- 
ence of this is the reversal of the flow 
in these rivers, causing inland Hood¬ 
ing and saline water inliusion. 
Saline water intrusion through the 
Hooghly seriously a fleets the supply 
of drinking water to Calcutta and 
most ol the other towns and cities 
situated along the coastal rivers. The 
salinity also affects the fertility ol the 
land, affecting agriculture in the 
coastal areas. 

Storm surge predictions 

Uan storm surges be predicted? 
There have been attempts to develop 
empirical methods for forecasting 
storm surges in the Bay of Bengal. In 
the absence of adequate data, these 
methods have not been useful. One 
of the possibilities is to solve the 
hydrodynamic equations governing 
the motion in the sea. These equa¬ 


tions include some non-lineai, pai- 
tial differential equations lor which 
the maihemalieal theory is \er\ li' 
mited. As a result, an analvtical 
solution of the general equations is 
not possible wuhout making ma|or 
simplilying assumptions in which 
many important p.iiametets ma\ 
have to he diopped 11 we look into 
the storm surge equations, that is, 
equations ot motion and eontinuily, 
we find that the main parameters 
governing the forces aie* (i) the 
Coriolis force, which appears as a 
result ol the Larth's rotation, (ii) the 
pressure gradient lercc. (iii) the siii- 
faec wind force, and (iv) bottom 
stress arising a^ a icsuli ot sea bed 
friction. Additionally, we have 
acceleration tcims in the equations ol 
motion. The a^^umplions usually 
made lot analytical solution arc* 

1, The elfccl of the FlartlTs rotation is 
ilroppcd in many cases to simplify the 
equations, 

2. The wind ticid associated with the 
cyclone is assumed to be unitorm and 
steady, which is not the case in 
reality. 


3. Frictional effects, which play a 
significant role m shallow' waters, are 
dropped in many analytical models, 

4. Non lincarrtN arising in the acceler¬ 
ation terms is dropped and the surge 
IS described by linear equations with 
fime-indcpeniicnl coefficients. This 
non-linearity phenomenon becomes 
ver\ iu>iiceable in shallow waters 
such as in norihcrn parts of the Bay 
of Bcngiil. anti 

l inally. the sea is considered as a 
cli.innel of iinih>rm depth or a two- 
dimensional basin of uniform depth 
with straight coastal boundaries. 
Variable depths arc difficult to hand¬ 
le theoreiiealK. because the equa¬ 
tions will no longer have constant 
coefficients. Similarlv severe difficul¬ 
ties are encountered in the discussion 
of models with eomplieated coastal 
boundaries. 

I he analVHeal solution is obtained 
eithei h\ the perturbation method or 
In applying integral translorms to the 
partial differential equations. The 
solution of these unsteady equations 
determines the surge heights as a 
function of space and time and thus 
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itfe mrgei& caii be estimate at iny 
place at any instant of time. 

The best alternative is the numer¬ 
ical solution of the hydrodynamic 
equations. The method of numerical 
prediction is based on a numerical 
integration of the hydrodynamic 
equations governing the motion in 
the sea. This method is also applic¬ 
able when the forces and the bound¬ 
ary conditions are described by very 
complicated functions, as is almost 
always the case in reality. For prac¬ 
tical forecasting, it is superior to the 
analytical methods which can handle 
certain simple types of surges, 

1'hc general system of equations 
that represent storm surges has been 
treated numerically with success dur¬ 
ing the last two to three decades. 
One of the first efforts in ihis direc¬ 
tion was made in 19.S4 in which the 
computation w^as done by manually 
operated calculating nicichincs. With 
the advent ol modern computers and 
the development of sophisticated 
numerical techniques, great strides 
have been made in surge forecasting. 

In some countries, for example, 
the US and Japan, where severe 
cyclones are common, a reliable sys¬ 
tem of prediction of storm surges has 
been evolved. The approach has 
been to formulate a set of differential 
equations governing the motion of 
the sea by inc<irporating the driving 
forces and the bottom stress, and 
solving them numerically. The 
numerical technique consists of solv¬ 
ing the governing equations at a 
discrete set of points in space, at 
discrete instants of time. The numer¬ 
ical models can predict surge, its 
development and the spatial varia¬ 
tion of the resulting sea surface ele¬ 
vations from a knowledge of the 
basic parameters de.scribing the de¬ 
veloping cyclone and its track. A 
SLOSH (Sea, Lake and Overland 
Surges from Hurricanes) surge model 
has been developed for real-time 
operational forecasting of surges on 
the US open coast in space and time, 
in India, such a study was pioneered 
, by the scientists of the India 
Meteorological Department in 1972. 
Since then, a number of Indian and 
: other researchers have developed 
■ several numerical models for predic- 
i tion of the surges in the Bay of 
i Bengal region. 

; In all these studies related to the 
\ bay, the coast line is approximated 
\ by conventional orthogonal straight 
? line segments (stair step). The man- 
\ ner of this boundary construction is 
'.illustrated in Fig. 3. Experiments 
f have shown that the surge is sensitive 
J to the way the coastal boundary is con- 
f structed. An effective means of 
s, achieving greater accuracy is a more 
1 precise representation of the natural 
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Fig. 3 Stair step boundary configuration 
and curvilinear representation 

shoreline which is curved and/or 
broken by the bay or estuaries. In 
storm surge work, curvilinear bound¬ 
ary representation, depending on the 
application of conformal mapping 
(this property means that angles are 
preserved in projection and, there¬ 
fore, forms or shapes of small curva¬ 
ture of the natural sh()re-Iii)e remain 
the same), has previously been cons¬ 
idered by .some workers for other 
regions of the world. Scientists at the 
Centre for Atmospheric and Fluids 
Sciences, Indian Institute of Technol¬ 
ogy, New Delhi, have very recently 
developed a numerical storm surge 

e rediction model for the Bay of 
iengal which, for the first time, is 
capable of dealing with curved 
coasts. The treatment of coastal 
boundaries in this involves a proce¬ 
dure leading to a realistic curvilinear 
representation of both the western 
and eastern sides of the Bay of 
Bengal (Fig. 3). This coastal repre¬ 
sentation has another added advan¬ 
tage of taking automatically into 
account the finer resolutions in the 

Table 1. Deaths associated with notewor¬ 
thy tropica! cycione disasters 


Year 

Location 

Deeths 

1970 

Bangladesh 

500,000 

1737 

India 

300,000 

1881 

Chine 

300,000 

1923 

Japan 

250,000 

1897 

Bangladesh 

175,000 

1876 

Bangladesh 

100,000 

1864 

India 

50,000 

1833 

India 

50,000 

1822 

Bangladesh 

40,000 

1780 

Antilles 

22,000 

1839 

India 

20,000 

178$ 

India 

20,000 

198S 

Bangladesh 

19,279 

1983 

Bangladesh 

11,520 

1961 

Bangladesh 

11,468 

1977 

India 

10,000 

1963 

Cuba-Haiti 

7.196 

1900 

Texas 

6,000 

1960 

Bangladesh 

5,149 

1960 

Jepen 

5.000 


(Courtgty: Bangladesh Mateorologicai 
‘Service) 


tshAllow waters t)jf the : 

The model is fiilly nonlinear and has 
successfully been used to simulate 
the surges generated by the 1977 
Andhra cyclone. The analysis area of 
the model covers almost the entire 
Bay of Bengal (6"N to 22"N) and 
therefore the model is fully able to 
simulate the effect of three days (16 
to 19 November, 1977) of the surge- 
generating capacity of the cyclone 
before landfall at the Andhra 
Pradesh coast. Using available data 
on the Andhra cyclone as a guide in 
representing the effect of wind¬ 
forcing in our model, we compared 
the predicted rise in the sea surface 
with estimates based on reports re¬ 
ceived from Andhra Pradesh after 
the disastrous flooding in that region, 
rhe predicted peak surge compared 
well with the 5-mctre surge height 
reported along parts of the Andhra 
coasi south ol Masulipatnam. Fig. 4 
shows the simulated coastal surge 
profile at the time of the highest 
surge. This model is also found to be 
validated by the data available for 
the 1975 Burma cyclone which hit the 
coastal region near Basscin. This 
study may help to give advance warn¬ 
ing to prevent extensive storm dam¬ 
age in ihe future, such as that caused 
by ihe 1970 C'hittagong or the 1977 
Andhra cyclones. 

While the accurate prediction of 
surge is very important, it is also 
necessary to have an idea of the 
extent ot inland inundation h)r eva¬ 
cuation of the population. Keeping 
this in view’, scientists at the in. New 
Delhi, have developed a river- 
ocean coupled model to study the 
dynamic effects of river systems join¬ 
ing the cast coast of India. In the 
western boundary of the bay, the 
model includes a dynamic represen¬ 
tation of the main rivers, Hooghly, 
Mahanadi, Krishna, etc. I'his model 
shows that the surge water can pene¬ 
trate deep inland through the 
estuaries, causing reversal of flow in 
the rivers, and hence inland flooding. 
This model may help in predicting 
the extent of inland penetration of 
surges originating in the bay. 

Another model has been de¬ 
veloped for the prediction of inland 
inundation along Indian coasts. Fre¬ 
quently, the lateral boundaries in 
numerical storm surge prediction 
models are taken to be vertical solid 
walls through which there is no flux 
of water and many such studies have 
been undertaken. In reality, howev¬ 
er, the water will usually rriovc con¬ 
tinuously inland and the use of ideal¬ 
ised vertical solid walls may lead to 
misrepresentation of the surge de¬ 
velopment. Hence, instead of using 
the conventional solid wall boundary 
at the coast, our model uses a con- 



boundary and includes the coastal 
topography in order to route the 
storm surges over the land. The 
model has been tested with idealised 
coastal topography along the east 
coast of India. A model is also being 
developed for predicting the surges 
along the west coast of India. 

Cyclones in the Bay of Bengal will 
continue forming and hitting the 
Indian coast. It is not possible to stop 
this process of nature. What one 
can do is to try to predict such 
cyclones and their magnitude to 
minimise the loss of life and proper¬ 
ty. Each model developed has its 
own utility and limitations; the ex¬ 
isting models could be further re¬ 
fined. Even in the most sophisticated 
numerical models, the utility would 
depend much on the accuracy of the 
forecast of the meteorological input 
parameters—pressure drop, direction 
and speed of the movement of the 
storm, maximum sustained winds 
and the radius of maximum winds. 
Besides metcorologicul inputs, the 
model requires the knowledge of the 
bathymetry (sea-bed contours) of the 
region of interest. For wartt of adeou- 
atc data of storm surges, the valiua- 
lion of the model becomes difficult. 
Difficulties are also experienced in 
constructing the wind field of a real 
cyclone because ,of the absence of 
observed data. Meteorological satel¬ 
lites have, however, brought many 
advantages, including the ability to 
detect tropical storms over those 
ocean areas which previously had to 
be considered as data-sparse regions. 

Indian meteorologists receive 
satellite reports on the intensity and 
movement of tropical cyclones from 
the National Environmental Satellite 
Centre at Washington, DC and the 
joint Typhoon Warning Centre at 
Guam. These data are utilised for 
prediction purposes. Now that India 
is venturing into satellite-based stu- 
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if b ftiiif mte^am mibr- 
mation would be readily available on 
meteorological input parameters 
needed for storm surge predic¬ 
tion. With the advent of large com¬ 
puter systems, it is now possible to 
solve realistic models for storm surge 
prediction using sophisticated 
numerical techniques. And based on 
these discussions, the following re¬ 
commendations could be made. 

1. In order to improve the accuracy 
of the forecasts of meteorological 
input parameters required for surge 
prediction, India should acquire 
aircraft capable of making dropsonde 
(instrument which when dropped 
from the aircraft gives a continuous 
record of vertical profile of tempera¬ 
ture, humidity and wind over the 
region) measurements in the vicinity 
of the centre of a cyclone when it is 
still over the* sea. 

2. We do not have tide recorders 
capable of measuring high tides and 
therefore the estimate of the storm 
surge is mostly done on post-storm 
surveys of the areas inundated by sea 
water. This lacks accuracy. It is 
therefore an immediate need to have 
modern in.strumcnts such as auto¬ 
graphic flood gauges and tide tele¬ 
meters installed at a number of loca¬ 
tions along coasts vulnerable to 
surges. Automatic tide gauges will 
provide more precise tidal observa¬ 
tions. Float-type ot tide gauges are 
widely used as standard instruments 
for continuous and accurate observa¬ 
tions of tides in many countries. 
Many of them are roll-type in which 
the lisc and fall of the tide is re¬ 
corded by a pen moving horizontally 
along a guide-rail on a rotating drum 
placed horizontally. The instrument 
is installed atop a tidal well and scu 
water is conducted into this well by a 
tube. The variation of sea level in the 
well is measured by the vertical 
motion of a float and recorder on a 
self-recorder (Fig. 5). These gauges 
are soundly structured with small 
instrumental errors and are conve¬ 
nient for long-term recording of 
observations. Other instruments 
widely used by many countries for 
operational use are tide telemeters or 
remote-recording tide gauges. 

3. Following the procedure outlined 
by the World Meteorological Organ¬ 
isation in 1978, a detailed post-storm 
field survey should be undertaken as 
soon as possible after the land flood¬ 
ing recedes and order is restored. A 
practical overview of flooding and 
damage by field survey will be a 
valuable complement to available 
data. According to the procedure, 
the survey team is advised to visit the 
local administration as well as the 
local fishermen. A surveyor should 
also make an effort to collect objec¬ 
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Fig. 5 A typical tidal station 

tive information by contacting eye* 
witnesses of the actual situations 
which occurred at the time of flood* 
ing by storm surges. The high-water 
mark information may be had from 
visible marks, which are left on walls 
inside hou.ses and other objects in a/ 
village. The time at which the sea 
level was the highest is an important 
piece of information obtained from 
eye-witnesses. . 

4. Efforts should be made tor real¬ 
time exchange of information regard¬ 
ing storm characteristics monitored 
through satellite imagery and coastal* 
radars. 

5. The development of a numerical 
model for the prediction of storm 
surges along the west coast of India 
which is also affected by severe cyclo¬ 
nic storms must be taken up. 

6. Existing models must be improved 
to include non-linear effects of tide- 
surge interaction. 


Dr. Dube is Senior Sci¬ 
entific Officer at the 
Centre for Atmospheric 
and Fluids Sciences, In¬ 
dian Institute of Tech¬ 
nology, New Delhi. Af¬ 
ter doing his Ph D in 
fluid mechanics from 
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Dube joined the Meteorological Services of 
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with the operational and research wings of 
the India Meteorojogical Department. Hei 
joined IIT-Delhi in 1978, and is now work¬ 
ing on storm surges and oceanic waves. 

Prof. Singh heads the 
Centre for Atmospheric 
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Ph D in fluid mechanics 
from the University of 
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the University Grants Commission Nation- 
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disciplinary activities like meteorology and ; 
biomechanics in academic institutions In 
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Peened shafts for better sealing 


Lip seal v 



Seai S are a vital part of fluid svMcnis. 
Because most seals appear simple, their 
importance is often overlooked. Thev 
contain fluid where wanted and prevent it 
from entering unwanted areas. Leaks 
from pipc-flanges, and stuffing boxes of 
pumps and joints of all kinds cost indus¬ 
try a large amount of money every year. 
A system may wen fail completelv be¬ 
cause of a single critical leak. 

Trying to minimise leakage mav in¬ 
crease friction and power losses, so a 
good design has to seek a eompromise 
and even small improvements may piove 
important. James D. Simons, a mecha¬ 
nical engineer at the Cieneral Motors 
Research Laboratorv, USA, has studied 
a way to minimise friction at sealing lips 
(Design Enginvermg. 52 4, 32). He has 
found that sealing is better if the surface 
of a rotating shaft is peened—hardened 
by hammering or bombarding with hard 
shot—rather than plunge-gnniml. the 
normal practice in which surface finishing 
is carried out by a radial I v moving 
grinding-wheel. 

There are basically two types of seals, 
dynamic seals and static seals. Dynamic 
seals prevent leakage through parts in 
relative motion; static seals prevent leak¬ 
age through parts at test. In dvnamic 
seals, a thin film of the fluid medium 
I being sealed lubricates the sliding faces at 
the seal In one type of dynamic seals, the 
contact seals, the fluid film generated 
between the parts in relative motion at 
the seal is very small—of the order of one 
to three microns. In the other type, the 
clear;incc seals, the gap. which is preset, 
is much larger - -ot the order about 2.^ 
microns. Consequently, the leak¬ 
age is larger for clearance seals and their 
use is limited to special situations in 
which leakage can be tolerated hut not 
seal failure, for example, in the steam 
turbines used for power generution. 
Simons’ work concerns the most widely 
used contact seal, the dynamic lotary lip 
seals eommcicially known as oil seals or 
shaft seals. 

fn a dynamic rotary lip seal, a \ -shaped 
knife-edge sealing lip presses against the 
shaft and prevents leakage. A 
spring, known as a Garter spring, supple¬ 
ments the conlaei pressure, and a rubber 
case with a bonded metal insert stiffens 
the .seal and protects the lip. The scaling 
lip rims on the thin film o( fluid lubricant. 
The thickness of the film is controlled 
precisely by the mechanical pressure of 
rij the sciiling lip and the surface finish of 
j^l the shaft. If the film lliiekness is too high 
‘d the fluid leaks; it too low, the sealing lip 
wears out and the heat generated in¬ 
creases. which can lead to oscillations 


w'here the seal alternately sticks and 
slips. 

It IS customarv to pluiige-grmd the 
shall to a surface finish of 0.2 to (I..S 
microns c’lA (centre line average), be¬ 
cause the lip wears out faster for rough 
shafts. However, Simons rec<mimends 
peening instead of plunge-gniKling. A 
peened surface has gentler slopes, and a 
high radius of curvature for asperities 
(protiusions, the lower the ladius the 
sharper the protrusions- F^g i) Fins 
helps to trap the oil and reduce friction. 

Simons’ process ol peeiiiiig is also less 
expensive than the conventional olast 
peening process in which small steel balls 
are made to impmee on the metal part at 
high velocities and m a closed diambei. 
In Simons' process, the shaft suiface is 
finished by shot peening with a llap-htush 
wheel, which consists of radially extend¬ 
ing fibre-flaps impregnated with cast- 
steel shots and bonded to the rigid fibres 




^ Higher friction 
Shape of asperities (indentations) 


Fig. 1A peened surface has gentler slopes, 
flatter asperities (high radius of curvature) 
than a ground surface; peening shafts, 
therefore, reduces friction (asperities exag¬ 
gerated) 


Lower friction 


Fig. 2 The slope of asperities on the peened 
shaft must match with the direction of shaft 
rotation (asperities exaggerated) 

Shot si/es. chosen tor corieet indenta¬ 
tion. were between 0 3 and D.X mm. riic 
process ol peening has to be carefiilU 
(fesigned lo get the correct si/e and 
spacing ot the aspeiities on the peenetl 
surface to match the seal m.iierial chosen 
The direelion of the sitipe <»t the aspei¬ 
ities must also mateh with the direelion ol 
rotation ot the shall 

Micioscopic spii'iil giooves iire also 
formed when (he shaft is shot peened 
T he grooves act like a scrcw-puinp. pump¬ 
ing in the diieclum opposite to that ol tlu* 
leakage—a benetieial side-eftoct. The 
pumping action also reduces friction sub 
stantiallv. and allows nuich lighter lip 
loailing without saerilicing sc.iling abilitv 
The wliole process, however, has oik : 
drawback--at lowci shall speeds, dvn.i 
mic sc.ilmg IS not verv elfective. 

B. D. VYAS 

Dr. Vyas is Assistant Professor in the 
Department of Mechanical Engmeering, 
Indian Institute of Technology. Bombay 


Polarisation flow meters for easier and 
cheaper measurements 


Till: rale of fluid flow is one ol the most 
important parameters ot the various pro¬ 
cess variables. Accurate flow measure¬ 
ment. essential lo keep a close check on 
plant ctficieney wherever fluid flow is 
involved, is especially iiecessarv in 
biomedical engineering, aerospace appli¬ 
cations, nuclear mstallalions, and powci 
generation units Rccc-ntly, Richard A 
Formato, a US consultant, has patented a 
new flow' meter which comhiiies the 
principles of two kinds of meters alreadv 
m use. The new meter, not vet te.stcd. 
combines the concepts of electromagnetic 
and magnetoelectric induction simul¬ 
taneously to give a better and probably 
cheaper device. 

The measuring principle of an electro¬ 
magnetic current meter is based on the 
measurement of the intensity of the 


electric liekl which can be indiiccU b\ .i ! 
magnetic ticki acting on a siicam *'1 
flowing fluid. V\'hen a conducting fluid 
moves in a magnetic held, the elecliH 
field set up depends on the mtensiiv ol 
the magnetic field, and the velocity ol (he 
fluid wIikIi depends on the flow lale 
In an electiomagnelic How meter (I ig ] 
1). the fluid itself must have some con- 
ductivitv T he fluid then becomes a con¬ 
ductor with a length equivalent to llte 
inside diameter ot the meter. It a con 
slant magnelie field is maintained and the 
induced cross voltage nieasuicd. then the 
velocity of the fluid (and so the flow lalei 
can be determineil. (T he directions ol the 
fluid velocity, the magnetic field, and the 
induced voltage are given by I Te mi tie ^ 
light hand rule and the correspondinii 
magnitudes by Faraday's Laws. | 












For the iioh<«dn<tuciing fluids, the 
magneto*eiectiic induction flow meter 
(where the magnetic field is induced 
instead of the electric field as in the 
electromagnetic device) has been de¬ 
vised. In it. a stationary electric field of 
very high strength is applied across the 
pijie. TTie electric field induces a magne¬ 
tic dipole moment in the fluid which can 
then be measured. Since the induced 
magnetic field is proportional to the fluid 
velocity, this allows us to calculate the 
flow rate. However, very high voltages 
are retjuired for induction. 

1-ormato‘s meter combines the two 
concepts to change the flowing fluid's 
state of polarisation which depends, all 


Direction 
'of electric 



Flow of Jiquid 


Electromagnet 


Fig. 1 The scheme of an electromagnetic 
flow meter. An electromagnet applies a 
strong magnetic field, which induces an 
electric field as shown. In a magneto¬ 
electric meter, the magnetic field is in¬ 
duced when an electric field is applied 


Other things being equal, on the velocity 
of the fluid. It works something like a 
parallel plate capacitor filled with water 
instead of air. Each water molecule acts 
like a small electric dipole aligned along 
the direction of the applied electric field 
(Fig. 2), but in such a way that the field 
between the plates is decrea.sed, thus 
increasing the capacitance (over the value 
with air between the plates). The effect is 
distinct, though smaller, even for non¬ 
polar materials. In such materials, the 
positive and negative charge centres of 
the molecules are displaced just enough 
to form a smalt dipole. » 

If the water (or other fluid) in the 
capacitor is moving and is also subjected 
to a properly aligned magnetic field, it 
shows a different degree of polarisation. 
This change depends on the velocity of 
the water relative to the magnetic field; it 
turns up as a change in the material's 
effective dielectric constant which can be 
measured. This allows us to calculate the 
fluid velcKity. 

In electromagnetic flow meters the 
fluid must have some conductivity. The 
magnetoelectric flow meter is limited to 
extremely good insulators, and electric 
fields of the order tif one million volts per 
metre may be required to induce appreci¬ 
able magnetic fields (of even a few 
milligauss). Even a small quantity of 
conductive contaminants in the fluid can 
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Electric polarisation 

Fig. 2 Water molecules are polarised by an ' 
applied electric field. If a magnetic field fa 
also applied, the polarisation change* 
according to the velocity of the fluid. Thi* 
principle gives a flow meter of wider range ; 
covering both conductive and non« 
conductive fluids 

cause signal problems. The new polarise* 
tion flow meter can work with fields of' 
less than a volt per metre to indue* 
appreciable magnetic fields (of even a: 
few hundred gauss).The new meter thus 
has a versatile range (even high conduc* 
tivity of flowing fluids can be tolerated),, 
Everything indicates that the new meter, 
will co.st less and be more reliable. 

B. D. V. 



Frictionless pumps for 
space applications 


PisiQ)NS and cylinders of pumps and 
compressors wear out because of friction 
at the points of mechanical contact. US 
National Aeronautics and Space Admi¬ 
nistration (NASA) engineers are now de¬ 
signing a refrigeration system for space 
«ipplication at the Goddard Space Flight 
Center, USA, in which piston and cylin¬ 
der wear of reciprocating machinery will 
be at literally zero value (Mechanical 
Engineering, April 1981, p. 57). 

In the NASA system—a Stirling cycle 
cooler—a piston (for compression) and 
displacer (for later expansion) are sus¬ 
pended in a magnetic field. An induced 
changing magnetic field drives the piston 
and displacer, so they need not touch the 
side walls or housing. Two linear 
motors—onc for the compression and 
one for the expansion—and two sets of 
magnetic bearings are provided. The 
piston and displacer positions are moni¬ 
tored by linear variable differential trans¬ 
former (LVDT) sensors and an electronic 
controller ensures a correct relationship 
between the compression stage and the ex¬ 
pansion stage. 

The system does away with compli¬ 
cated mechanical linkages and the fric¬ 
tion involved, greatly reducing the strain 
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Schematic view of the nasa frictionleee 
pump. The pump uses helium for refrigera* , 
tion in space applications. Helium entert 
into the lower compression end and is com¬ 
pressed into the smalt volume (see figure) 
Electronically controlled controlled magne¬ 
tic fields surround both the piston and dis¬ 
placer and move them in the appropriaig 
manner. Delicate sensors monitor piston and 
displacer motion and also their axial posi¬ 
tion to ensure correct positioning and tim* 
ing. Friction is eliminated since there is no 
need for the piston and displacerto touch the 
sides of housing, ensuring increased 
instrument life 


on bearings and seals and simplifying i 
their design. The NASA engineers esii-1 
mate an increased equipment life from six { 
months to five years—a six-fold increase i 
and a significant achievement in space | 
instrumentation. Of course, the system 1 
will be more costly, and will not replace 
common pumps. But the idea of using 
magnetic fields to minimise mechanical 
wear in reciprocating machinery will be 
an important innovation where system 
life is more important than cost. 

K. S. MURTHY 

Mr. Murthy is a research scholar in the 
Department of Mechanical Engineering at 
the Indian Institute of Technology, 
Bombay. 








S. G. Dani 

The order in randomness allows us to anticipate changes, evaluate policies, 
monitor quality and take corrective steps. But poor understanding 
and misapplication can land you into a mess 


S O many phenomena in the world 
around us occur with remarkabh' 
consistency-apples detached froiu 
the trees fall to the ground, balloons 
go up, dry hay burns if lighted with a 
matchstick, milk splits if heated with 
a pinch of salt. Various laws of phy¬ 
sics, chemistry and biology arp also 
statements which spell out such a 
unique possible outcome under a 
given set of conditions. 

On the other hand, there is 
another class of phenomena where 
the outcome is not so certain; it lias 
many possibilities and they seem to 
occur randomly. A coin tossed into 
the air might fall cither heads or tails 
up, a woman may deliver a boy or a 
girl, a card picked from a shuffled 
deck may or may not be the queen of 
hearts and a gadget you just bought 
may or may not work. What can we 
sav of such ‘chancy' events? 

Of course, one may object; the 
multiplicity oi possible outcomes is 
nothing intrinsic to the phenomena, 
but a consequence of the fact that the 
conditions are not adequately pre¬ 
scribed; for instance, the outcome of 
coin-tossing would be completely 
determined by the initial position of 
the coin, the angular momentum 
imparled to it, the atmospheric pres¬ 
sure, etc. But supposing that it is 
impossibly intricate to prescribe the 
conditions, or to know all the things 
which need to be known for a unique 
outcome, or even that such pre¬ 
scription is disallowed “in all fair¬ 
ness” fas in coin-tossing or card¬ 
picking)—we are still left with the 
question, is there then nothing that 
can be said about the whole business? 

Even a schoolchild now knows that 
there is a method in the randomness 
of outcomes. Though the outcome of 
each instance may be arbitrary, the 
5 collective outcomes over a large 
number of independent instances 
show a definite pattern. Mathemati¬ 
cians working in prohability, through 
centuries, have evolved elaborate 
theories to deal with randomness and 
its devious routes. The application of 
these theories can be a powerful 
analytical tool. But the simplicity of 
its underlying concepts is deceptive 


and there are many pitfalls on the 
road to their scientific application. 
Poor understanding and mis¬ 
application strengthen a growing 
popular suspicion that “statistics is a 
lie”. 

One's first acquaintance with 
probability is likely to dazzle one 
with the remarkable order in random 
events. Thu.s, for example, the pro¬ 
portion of male and female births 
remains remarkably consistent over 
several districts with similar social 
and environmental conditions. What 
is more remarkable is that significant 
departures for a particular set from 
an established proportion are almost 
always attributable to a 'cause’ not 
presuppo.sed in the data—and that is 
many times how theories grow and 
improve. 

Pierre Simon Laplace (1749- 
1829) in his book Essai Philosophic 
que sur les Probabilities describes one 
such episode. He analysed statistical 
data on the ratio of male births to all 
births for various parts of Europe 
and found the proportion to be 
around 22/43, but for Paris it was 
25/49. lb a layman the two figures 
are not particularly different. How¬ 
ever, considering the very large size 
of the sample, Laplace estimated the 
possibility of an error and concluded 
that the discrepancy was unlikely to 
be without a cause. He found that the 
data for Paris also included found¬ 
lings — children abandoned from the 
surrounding countryside and lodged 
in children's homes in Paris. Among 
foundlings there were fewer boys 
than girls. Sure enough, the neces¬ 
sary corrections brought the Paris 
ratio close to 22/43 as expected. 

For all its misapplication, know¬ 
ledge of the orderly nature of ran¬ 
domness makes it possible to anti¬ 
cipate changes, take appropriate 
steps, and evaluate their effec¬ 
tiveness. Thus, over periods when 
the general conditions are similar, 
the birth and mortality rales are fairly 
consistent as borne out by the 
demographic data of various coun¬ 
tries through the centuries. This 
alone can make it possible to gaup 
the population at a certain date in the 


future. And this will influence family 
planning targets, allocation of funds 
for education, housing and other 
medical and welfare facilities, the 
nature of transport needed, optimal 
schemes for life insurance and so 
many seemingly mundane things in 
our everyday life. It is again the laws 
that help us evaluate the success or 
failure of given policies. The success 
of family planning measures has to be 
indicated by a fall in birthrate of suc¬ 
cessive census figures and better liv¬ 
ing conditions or medical facilities by 
a drop in the mortality rale, while a 
thorough investigation into the 
causes would be called for by any rise 
in the mortality rale. 

In our present age of mass pro¬ 
duction, the laws of “consistency in 
randomness" are about the only 
practical means we have of ensuring 
quality control of materials and effi¬ 
ciency tests of new products like 
drugs, etc. No manufacturer would 
be able to guarantee that each of his 
mass produced unit is free ol 
defects. Yet, a higher proportion of 
defective units does mean a lower 
standard, and a lower standard can¬ 
not be shrugged off as a matter of 
chance, but would need investigation 
of underlying causes like sub¬ 
standard machinery or poor man¬ 
agement. The same is true of 
impurities in foodsiufts, drugs,etc. 
Monitoring the general proportion of 
impurities and defects among the 
mass of products is the only way wc 
can set standards of quality control. 

Over the last three hundred years, 
probabilistic methods have 
developed considerably, and been 
applied fruitfully in the natural and 
social sciences. Unfortunately, the 
method has not come to be appreci¬ 
ated, or always correctly applied, 
outside a narrow circle of specialists. 
The somewhat complicated nature of 
the theory is only one of the reasons 
for this. The difficulty is also typified 
by the fad that the numerical values 
of probability associated with various 
outcomes cannot be handled too 
informally, 

A working probabilist or statis¬ 
tician normally employs only a cer- 


lain kinid of arguments whose validity 
is borne out by the vast experience in 
the past; they are the basic 
hypotheses of the theory. Naturally, 
in deriving conclusions, every care 
has to he taken to use only those 
arguments consistent with the prob¬ 
abilistic method. But there arc a cer¬ 
tain kind of arguments, which we 
intuitively feel arc “obviously"’ right 
and which are quite valid in the usual 
deterministic set up, but which break 
down in a probabilistic framework. 
An amateur who is apt to take a 
Irce-stylc approach, therefore, ends 
up in a mess. 

Let us have a look at some of the 
simplest things that go into the 
method of probability. Suppose that 
(here is a set of conditions under 
which A I, A 2 .An are all the poss¬ 

ible outcomes. Suppose also that a 
large number of independent trials 
under the given conditions yields 
almost constant proportions. What 
this means is that the average 
number of times a particular out¬ 
come has occurred moves closer and 
cK>ser to a definite number as we 
increase fhe number of trials. This 
may be vcrifwd hy observing the 
sequences of averages or by plotting 
graphs, etc. We can then associate 
each outcome with a certain idealised 
\aluc of the relative frequency with 
which the outcome occurs. 

Of cotirsc, the idealised value may 
never be realised as the exact 
nhseived relative frequency over any 
niinibei of trials; the observed values 
only approach the idealised values. 
This idealised value is then called the 
sunisiical probability (different from 
(he a priori probability as we shall see 
later) of that outcome. When there is 
Mich a regularity in the outcome, we 
arc compelled to suppose that there 
aic ob jective laws about the outcome 
independent of the observer. The 
statistical probability is then a 
number as mcaningiiilly associated 
with the outcome as, say, the density 
or specific heat of a substance. A 
change in the underlying conditions 
might doubtless change the statistical 
probability ot an oiiieome; but so can 
the density or speeitie heat of a 
substance. 

It should be borne in mind that 
since the actual trials are always a 
limited number, the computed value 
islikely to involve some error. Intrin- 
'‘ieally, this is not anything special to 
''latistics; all measurements involve 
some error such as rounding-otf 
i^rrors. However, in statistics there is 
also a component of the error arising 
Ironi the possible discrepancy bet¬ 
ween idealised and observed relative 
li'equencies, 

Procedures have been derived to 
i^stiniate the error in the actual com¬ 
putation of the statistical probability 


of ati outcome, bne bf the first things 
we have to make .sure is that tte 
order of error involved is smaller 
than the difference in the prob¬ 
abilities of the outcomes being com¬ 
pared. Another thing to be 
remembered is that stati.stical find¬ 
ings from any experiment need to 
be treated as a whole. Comparisons 
of conclusions from two findings, 
even when they seem to agree, are 
untenable unless the two statistical 
findings are consistent as a whole. 
We will take a striking example of 
how too informal a handling in this 
respect can land you into a paradox. 
The particular example which wc 
shall discuss below in some detail is a 
variation of the paradox known as 
Simpson's paradox. 

Lei us take the hypothetical ease of 
a survey whose anticipated results 
have become an issue of hot con¬ 
tention. Two teams, A and B, are 
carrying out a survey in adjacent reg¬ 
ions to find out whether the prob¬ 
ability of a man being gainfully 
employed is more than that of a 
woman. 

Team A first reports its findine. 
Out o1 1,200 men and SOO women 
eovcrc'd by their sample,528 men and 
320 women are gainfully employed 
(a grim pictuic perhaps, but any 
resemblance to existing situations is 
purely accidental!). 7he probability 
ol a man being gainfully employed is 
528/1200 = 0.44 and correspondingly 
lor a woman, 320/800^ 0.40. The 
feminists are lubilant. 

pTom the adjacent region team B 
now returns and reports its tindincs. 
Of the 1,000 men and 1,5iM) women in 
their sample, (>70 men and %0 
women are gainfully employed. 1'hc 
probability of a man being gainfully 
employed is 670/100(» “ 0.07 and cor¬ 
respondingly lor a woman, 960/l,5(M) 

0.04. The feininists have won their 
ease. 

But wait a second! There is the 
other person from the opposite 
camp. He has stood up and is waving 
his sheet of paper. He has simply 
added the. results of the two teams. 
Of a total of 2,200 men and 2,300 
women, 1.1 OS and l,2S0. respectively 
were gainfully employed. And the 
probabilities work out to be 0 5445 
and 0.5565 for the men and women 
respectively—pr.:tty close but with 
the women having a lead. The 
same data have beeri used and oppo¬ 
site conclusions reached. If now any¬ 
one tells vou that statistics is a lie, 
you may indeed agree, “it's worse". 

There is really no room for sifch 
cynicism. If things seem so confusing, 
it is because you are looking (or have 
been made to look) at them from a 
wrong angle. Let us begin to untangle 
the mess. Firstly, in making any com¬ 
parison of the above kind, wc 


implicitiy assume that there is fio‘ 
fundamental qualitative difference in 
the nature of the two survep. After 
all, if things were really different* 
there would be no absurdity. It would 
then be simply like saying that tea is 
good, ice-cream is goocl, but their 
mixture is no good. ,; 

In practice, such assumptions, 
have to be substantiated by ensuring 
that the regions (and samples) under | 
survey arc comparable in terms of i 
the socio-economic, political, cul- / 
tural and other factors which may ; 
influence the probability of gainful 
employment. Looking at the above 
figures, a seasoned probabilist would, 
tell you that this has not been carried 
out adequately and that there must ! 
be certain missing factors causing 
what he claims to be a significant dit 
ference in the findings of the two sur¬ 
veys, when each is viewed in its 
entirety. 

Let us, however, ignore him for the 
time being. After all, it can be 
argued, if both teams have found the 
probability of gainful employment to 
be greater for men, where is the dif¬ 
ference? So let us proceed on the 
assumption that there is no fun¬ 
damental difference between the reg¬ 
ions and that it should in principle 
make no difference whether we get 
our data from either of them. 

Recall now that the probability of 
gainful employment for men accord¬ 
ing to the data of team A is 0.44 and 
from the data of team B, 0.67. How 
do we explain this difference? If the 
regions are similar, then we arc 
forced to the conclusion that this is 
due to certain errors (perhaps ran¬ 
dom), so that the degree of error 
would be as large as 0.67-0,44-0.23 
for men, and on similar lines 0.64- 
0.4()"().24 for women. All in all, the 
findings of the two teams then indi¬ 
cate that the probability for men lies 
somewhere between 0.44 and 0.67, 
and for women between o.40 and 
0.64. 

There is thus no contradiction in ' 
the two results. The degree of error is 
much larger than the difference bet¬ 
ween the two values to be compared 
(0.44-0.40 = 0.04 for team A and 
0.67-0.64=0.03 for team B), Such 
estimates could be good enough from 
certain aspects ot economic plan¬ 
ning, but definitely not for com¬ 
parison between the two prob¬ 
abilities. If the regions are to be simi¬ 
lar, then taken at face value, the find¬ 
ings together make no case either for 
or against the feminists. 

We should remember, however, 
that wc had been forced to this con¬ 
clusion on the assumption that the 
two regions are similar. Theoretic¬ 
ally. this is still possible, but it 
would be extremely rare in practice. 

The sizes of the samples in our 
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hypothetical ammpld are quite lUrge,. 
so the statistical error would be of a 
much lower order than what we have 
encountered above. What therefore 
remains would have to be attributed to 
mechanical errors — choice of 
instruments or procedure. Normally, 
enough precautions arc taken in this 
respect. Finally, therefore, we would 
iiave to go back to the probabilist's 
suggestion that the findings show the 
two regions to be fundamentally dif- 
ferent and look for the underlying 
causes of the different values. 

There is an interesting charac¬ 
teristic of our data which makes the 
paradox possible, lb spot it, try mak¬ 
ing up your own data for the 
hypothetical case, only v'ith the fol¬ 
lowing constraint. If mi and m^ are 
the two estimates of the probability 


of gainful employineiit fot men, with 
wi and W 2 being the corresponding 
values for women, then there must be 
no number which hhoth between mi 
and m: and between W| and w.^. In 
other words, the intervals betweem 
the men's probability values and the 
women’s probability values should 
not overlap. Try as you will, you will 
not get paradoxical findings. This 
constraint means that the error 
involved is small enough for com¬ 
parisons not to go awry. 

It should be evident by this time that 
the task of determining the statistical 
probability would be simplified 
greatly if we had some way of anti¬ 
cipating what this value may be. In 
practice, such a notion may be 
developed from considerations of 
.symmetry intrinsic to the phenomc- 


non. For mstanee^one antt^athathe 
probability of throwing a six with a 
homogeneous cubical gaiiibling dice 
with six faces as 1/6, because all six 
faces being indentical, throwing any 
one number is equallv probable. 
Such a notion was first systematic¬ 
ally developed as a guide to gamblers 
advising them of the profitability of 
one bet against another. 

The notion of probability thus 
developed is called the ^classical' or 
'a priori’ notion of probability. It 
involves a certain identity or sym¬ 
metry among all the possible 
‘elementary’ outcomes. The prob¬ 
ability of each elementary outcome is 
then taken as the reciprocal of the 
total number of elementary out¬ 
comes. A combination of elementary 
outcomes is called an event. The 


Mapping randomness 

We have also the map. We call a map 


The randomness of a physical 
phenomenon does not mean that the 
ptmnomenon is not governed by any 
rule. It only means that the underlying 
rule is.auch that when we try to gauge 
the phenomenon in terms of the t>cc«rr- 
enee, or non-ioccurrence, of finitely 
many outcomes at constant inter¬ 
vals of time, it shows ran¬ 
domness. And this gives rise to a ques¬ 
tion currently being hotly pursued in a 
branch of pure mathematics called 
ergodic theory—-which are the under- 
Tying rules of movement which exhibit 
randomness? The answer is far from 
being satisfactorily known. 

To go into the question we shall set 
up something like a game. The game is 
played on a surface of finite arca—say. 
. a torus (the shape of the surface of a 
doughnut or a meduvada). For simplic¬ 
ity, assume that the total area is one 
unit. We now prescribe where each 
point on the torus will move in unit 
lime. We call the later point the suc¬ 
cessor of the earlier one. Our rule shall 
be such that each point on the torus is 
the successor of one and only one point 
on the torus. On the surface of the torus 
is als6 drawn a map, which divides the 

torus into countries, A I, Aj.A^.The 

game now proceeds—it is a game of 
eternal musical chairs with no extra 
people or extra chairs, played by the 
points on the torus, each point pro¬ 
ceeding to its successor point. 

Let us say that the transformation (or 
our prescription for the game of musical 
chairs) exhibits eternal randomness 
with respect to the map if the following 
happens. The area of the set of all 
points in a country A that have their 
successors in a country B (not excluding 
the case where B is the same as A) isprop- 
ortfonat to the area of B. 


adequate if the following happens. 
No two points (except those belonging 
to a certain negligible set, which we 
leave out of consideration here) shall 
follow the .same course of history (and 
future) as far the property of belonging 
to (he countries of the map is con¬ 
cerned. 

And here finally is the hotly pursued 
question—which are the trans¬ 
formations that exhibit eternal ran¬ 
domness with respect to some adequate 
map? (Such transformations are said to 
be isomorphic to Bernoulli shifts.) 
Intuitively, what does the question 
mean? Suppose we are watching a 
phenomenon taking place on the sur¬ 
face. The transformation gives the net 
change in it in unit time. Intuitively, 
when would it seem as if the choice of 
the country for the successor is random 
and is the randomness of the choice 
completely determined by the relative 
areas of the countries? And which are 
the underlying rules when such a thing 
happens? 

Some way to the answer was cleared 
by R. L. Adler and B. Weiss;in 1970 
they proved that a certain class of transf¬ 
ormations which preserve certain ^mul- 
tiplications’ on the torus are Bernoulli 
shifts. A similar result for higher 
dimensional analogues of the above 
torus was later proved by Y. Katznel- 
son. For various other classes of trans¬ 
formation, however, the question is still 
open. 

interestingly, it has now been shown 
that the motion of two particles in a box 
which keep moving like the gas 
molecules intermittently colliding with 
each other defines a transformation of 
the above kind, one that is isomorphic 
to a Bernoulli shift. 


Can we relate this notion of ran¬ 
domness of a transformation to, say, the 
randomness of coin-tossing outcomes? 
Consider a case like the above in which 
the map consists only of two countries 
with an equal urea. Now imagine that 
for every point we have made print¬ 
outs showing which of the countries it 
belonged to in its entire history and also 
in the future. If the transformation 
is isomorphic to a Bernoulli shift we 
would find that these print-outs would 
match in a natural way with the print¬ 
outs of coin-tossing trials carried out 
indefinitely—the only thing wc have to 
do is to call one country Heads-up 
and the other Tails-up! Viewed in 
another way, then, points of the torus 
correspond to complete print-outs of 
coin-tossing trials. 

The question of a comparison of such 
print-outs, expectedly, arises also in 
coding theories, like those used in 
communications (ScifcNCt TotMY...Jply 
1980, p. 16). When the print-outspf two 
systems (whether on a torus or more gen- 
crally) match with each other 
with respect to some suitable adequate 
maps, as in the above example, the sys¬ 
tems are said.to be isomorphic. In var¬ 
ious problems in coding theory it is 
important to know whether two given 
systems are isomorphic or not. A fun¬ 
damental theorem proved by D. S. 
Ornstein in 1970 says that two Ber¬ 
noulli shifts are isomorphic if antfonly if 
(hey have the same ‘entropy’, the 
'entropy' being a measure of their ran¬ 
domness. (For our kind of trans¬ 
formation isomorphic to a Bernoulli 
shift relative to a map with n countries* 
of equal area, the entropy would be 
log (n); generally, if the areiuiof thet^n- 
tries ate ai, a^,..a^. withibe total area 
equal to one unit then the entropy the 
sum of a|iog(|[/ai), aitogfl/^l). etc,) A 
profound result, which tiesup^i^prph' 
ism with equal randomfiess!. 

- - - ■ ■ ■ ■■-—‘ 




Different symmetry considerations may give different probabilities for the same event. 
Yet each may be suitable to different physical situations. The probability of a chord In a 
unit circle having its midpoint at a distance of at most half a unit is 1/4, as in A, but 1/3 as In 
B, depending on the consideration (see text). The former value is valid If we are shooting 
an owe randomly at a disc which breaks along a chord with the point of impact aa iU 
midpoint and we want that at least some part on the inner disc be broken (C). The latter is 
valid if the unit circle is a transparent disc with an absorbing disc of half unit radius at its 
heart and we want to estimate how much radiation from a filament surrounding the larger 
disc is absorbed by the smaller disc (Dl 


probabiH^ of ut eveiit iittie fttan 
possibilities of outcomes constituting 
the event. The probability of the . 
event of drawing an ace from a 
shuffled deck, is made up of four 
possible elementary outcomes (since 
there are four aces) and the prob¬ 
ability of the event is 1/52-h 1/52 
41/52 + 1/52 = 1/13. Similarly that of 
picking a red card is 1/2. 

Once we have this notion, it can be 
extended in a natural way to the out¬ 
comes of finite number of repeated 
trials of the same experiments. We 
assume however that the occurrence 
of any particular event in one of the 
trials is independent of the outcomes 
of any other trials. A possible out¬ 
come from the totality of trials is a 
collections of outcomes of individual 
(rials, one per trial. The probability 
of such an outcome is then the pro¬ 
duct of the probabilities of the con- 
stitutent outcomes of individual tri¬ 
als. Thus the probability of drawing 
an ace from a shuffled pack, putting it 
back, reshuffling and then drawing a 
red card is 1/13 x 1/2=1/26. 

Sometimes the number of possible 
outcomes is infinite, for example, the 
possible direction in which a gas 
molecule will travel, or the point on 
fiarth which would be just below the 
Skylab's centre of gravity When it hits 
ilic tarth. The probability of any one 
precise Qutcome (the gas molecule 
travcilinc exactly north, or the Skylab 
hilling the Earth with its centre of 
gravity exactly over the tip of the TV 
tower in Bombay, etc) is zero. In such 
acase.however, if we choose suitably 
large events (combinations of 
elementary outcomes which will also 
now be infinite), then numerical val¬ 
ues of probability can still be 
assigned meaningfully to such 
events. Thus, there will be a definite, 
non-zero probability of the gas 
molecule travelling within 5 degrees 
off north, or the Skylab falling in 
India. In the former case symmetry 
considerations will show that the 
probability is 10/360=1/36. 

So far, .so good. But here again, 
there arc pitfalls. Very often, there is 
an obvious natural choice for sym- 
metr/ considerations, but this is in no 
sense automatic or final. As an illust¬ 
ration we will lake another example 
in a little detail. Suppose we pick at 
random a chord of a circle with unit 
radius. What is the probability that 
the midpoint of the chord is at a dis¬ 
tance of at the most Vi unit? 

Let us try reasoning it out. The 
event takes place only if the midpoint 
t)f the chord falls on the inner disc of 
3 half-unit radius around the centre 
of the circle. This disc with a half-unit 
radius has an area that is one-quarter 
of that of the diso of unit radius 
formed by the original circle. Since 
the latter disc is where the midpoints 


of all the possible chords can lie and 
the smaller disc is where our event 
occurs, the probability in question 
should be 1/4. 

We can, however, reason in 
another way. loo. A chord has ils 
midpoint as a distance ot at the mosi 
halt-unit, when ils angle with the 
diameter through one of its end 
points is less than or equal to 30 
degrees (see figure). Since, in general 
(for all possible outcomes), the angle 
can be anywhere between 0 and vO 
degrees, the probability of our event 
now turns out to be 3()W=l/3. Two 
different values for the probability of 
the same event! 

Again, it is not that one of them is 
incorrect. What it means is that the 
symmetry considerations employed 
are incompatible with each other. 
There is no intrinsic reason for 
one ot them to be belter than the 
other. Indeed,translated into a 
physical situation any one of them 
may turn out to be a better measure 
than the other, depending on the 
situation. 


Suppose that we have a disc of unit 
radius made of brittle material. It 
breaks along the chord with the point 
ol impact as its midpoint. Now we set 
up the disc ai a distance and shoot 
arrows at it. What is the probability 
that the chord along which it breaks 
belongs to the event that wc consi¬ 
dered above? In this case the perti¬ 
nent value of probability is our earlier 
one, 1/4. 

Let us now take another situation. 
The outer unit circle represents a 
circular filament of radiating material 
radiating uniformly in all directions 
in ihe plane of the circle. (For sim¬ 
plicity . suppose the radiation is res¬ 
tricted to the plane of the circle.) A 
disc of half-unit radius, made of 
material that absorbs all radiation 
falling on it, is placed at the centre. 
The directions of radiation passing 
through the disc of unit radius encir¬ 
cled by the filament determine 
chords to the circle. The subset of 
chords given in the problems corres¬ 
ponds to the radiation absorbed by 
the absorbing disc of half-unit radius 



We leave it to the reader to convince 
himself that the proportion of the 
radiation absorbed by the smaller 
disc to what it would be for a similar 
disc of unit radius, is i/3. Thus in this 
case it is the other value of probabil¬ 
ity which is more pertinent. 

The moral of the above discussion 
is that the notion of randomness or 
symmetry does not come pre-packed 
with the mathematical model of a 
problem. It has to be superjmp4)scd 
on the model employing considera¬ 
tions of symmetry for the problem at 
hand, which often might not have 
anything to do with the mathematical 
model itself. Ntir should the reader 
believe that this is so only when the 
number of possible outcomes is infi¬ 
nite, as in our example. The follow¬ 
ing example, of great importance in 
physics, will show that it can happen 
even with finite outcomes. 

‘ You have n balls to be put random¬ 
ly into N boxes (where N is larger 
than n). What is the probability that 
no box contains more than one ball? 
L^ct us take a simple case ol 2 balls to 
be put into 3 boxes. Common sense 
reasoning would tell you that there 
are 9 ways of putting 2 balls into 3 
boxes. If each box is to contain at 
the most one ball, exactly one box 
has to he empty and there arc three 
possibilities for the empty box. Also 
with each possible choice ol the emp¬ 
ty box, there arc two ways in which 
we can put the two balls in the two 
remaining boxes. So h out of the 9 
different ways of putting the balls 
into the boxes satisfy our criterion; 
the probability we arc looking for is 
6/9 = 2/,3. 

This is the answer loi ordinary 
balls which can be told from each 
other (say by sticking labels on 
them). It turns out that il we have 
photons or nuclei instead ol (he halls 
and the possible ‘mieroseopie stales’ 
as the boxes, the answer is ililferent. 
According to the Bose-Linstein sta^ 
tistics, photons (as also certain other 
particles) beha\e as if >oii could nc\ - 
cr distinguish hciw'een them! II we 
cannot disimguish which ball is which 
then theie are only 6 (msicad ol nine) 
distinguishable wavs ol pulling the 2 
balls into 3 boxes. Bosc-Finsiein sta¬ 
tistics then works on the .issumption 
that these (i (not nine) w av s are equal¬ 
ly probable. Of these,3 will satisly 4)ur 
conditions (once we choose the emp- 
l\ box. we cannot ha\e two ways of 
filling 2 balls in ihe other 2 boxes, so 
the piobabililv will be 3 0- 12. 

As Bose-f:mstein statistics 
explains certain phenomena which 
cannot be otherwise explained, the 
symmetry condition is vindicated. A 
similar non-intuitive symmetry con¬ 
sideration arises in the Fcrmi-Dirac 
statistics. In general, mathematical 


theory offers the stienti$t a choice of 
various randomness formulations; it 
is up to him to make the proper 
choice. 

Apparently, wc have here two 
notions of probability, the one 
derived from symmetry con¬ 
siderations (the a priori notion) and 
the one derived by testing outcomes 
(the statistical notion). There 
is a subtle but definite difference 
between the a priori and statistical 
notions of probability. And the dif¬ 
ference has fuelled an ongoing 
philosophical tiebatc. However, 
Rudolf C^arnap, who was one of the 
pioneers selling the logical foun¬ 
dations of probability, asserts that 
though the notions are eertainiy dif¬ 
ferent, there is no contradiction or 
incompatibility between them. He 
argues that much of the argument 
among conflicting philosophical 
schools stems from the diflerent con¬ 
texts to which they apply (he notions. 

Philosophical questions nol- 
w'ithstunding, there is a lot of evi¬ 
dence to advance Ihe hypothesis that 
the two notions arc equivalent in 
practice. Good coins, well-chosen as 
tar as uniformity is concerned, have 
been painstakingly tossed to verify to 
a great degree of accuracy that the 
statistical probabilities of the king 
and tail event arc equal to their a 
priori values of 1/2 each. Similar ver¬ 
ifications are also carried out in the 
case of various experiments for 
which the notion of classical prob¬ 
ability exists—lor example, drawing 
coloured balls from a bowl, etc. 

Imagine a huge super-howl con¬ 
taining a very large number of 
white and red balls, otherwise iden¬ 
tical. Suppose we want to lind out the 
proportion ol white balls, riieie are 
too many balls for it to be practicable 
to count all and calculate the piop- 
ortion. Wc may then try to draw out a 
ball al random <md luite it ii is iet.1 or 
white. Wc may then make a number 
ol trials, as large as practicable, say 
loot), m a number ol subsets, of say 
100 trials each. Suppose wc then find 
that incaeltot the subsets of trials the 
proportion of w hile balls is close to a 
definite number, say 3/4. Note that 
this IS what the ratio would be, as has 
been painstakingly verilied, if we 
knew the composition to be three 
w'hiic balls to one red. We iheicfore 
conclude that the proportion of 
white-balls in the bowl is 3/4. Among 
other things, ihis involves the 
hypothesis ol the equality of a priori 
and statistical probabilities. 

A second, and very potent, test of 
the hypothesis of equivalence lies in 
the experimental verification ol the 
various law s of physics w hose deduc¬ 
tion is motivated by the con¬ 
siderations of the equivalence of the 


two not^ni 

law,s Of the behaviour of gasteis which 
assume the kind of notion of prob¬ 
ability/ for a moving gas molecule 
mentioned earlier have been found 
to be successful. Similar con¬ 
siderations go into many of the laws 
of physics, chemistry, astronomy, 
etc. Sometimes, the symmetry con¬ 
dition (or the model of a priori ran¬ 
domness) has hud to he changed. But 
the revised notions have been suc¬ 
cessfully treated as intrinsic to the 
phenomena under investigation. 
Indeed, the hypothesis is so 
entrenched that a working physicist 
or statistician seldom finds it neces¬ 
sary to distinguish between the two 
notions. 

The mathematically minded read¬ 
er now' faces the following most 
interesting question; could one prove 
the hypothesis mathematically? This 
is almost the ease—but not quite. 
Indeed, somelimes'ihc so-called laws 
4)f large numbers, ol which we discuss 
a simple variant below, are taken to 
be the proof. 

Let us confine ourselves to conv 
tossing, Wc have only two poss¬ 
ible elementary outcomes with equal 
a priori probabilities of J/2 each. 
1'here are then 2" possible outcomes 
in a scries ol n throws. Let us now 
agree on a level of accuracy up to 
which we wish to compare the ;i 
priori and statistical piobabililies loi 
the case at hand, say a level of accu¬ 
racy of l/ld' (the m//i decimal 
place). Let an n-luple (a given-series 
of results ol n trials) be said to be 
‘good’ if the proportion of king- 
events in the n-tuplc diflcrs Irom I 2 
by not more than 1/ i(r . An n-litple 
is said to be bad’ if it is not good'. 
One lorm ot the law of large numbers 
then asserts that tor any given m, lor 
a sullicicntiv large number n of the 
trials the proportion ol ‘bad’ n-lupics 
becomes less than l/Hr. 

Ot course. iu> matter how large we 
make n, there may still be bad 
n-luples. So the law' of large numbeis 
above does not quite prove tlie 
hypothesis. However, since ibe 
proportion ol had’ n-luplcs iisclt 
keeps shrinking indefinitely it di’cs 
make the hypothesis more con¬ 
vincing and acceptable. Ami. ‘»( 
course, it allows us. based on ibe 
hypothesis, to deal with so nianv 
situations ol our age, which bd"' 
brought piobabilislic laws into ever)- 
thing; fiom the tiniest panicles to ibf 
distribution of stars, and Irom mass 
production to mass behaviour. 


Dr Dani is Reader in the School of Mdthf' 
matics. Tata Institute of Fundamental 
search, Bombay. He obtained his PhD from 
the University of Bombay and specialises 
in erqodic theory. 
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Th« Iait0uig« of tho sciontist is prsefss. In dally Ufa wa intarchanga a numbara of words 
and axprassions. Oftan, thasa may maan quits diffarant things In sdanca. Answars to tha 
12 quastions hara ara givan on tha naxt paga. 


1. A clever trader buys goods at the 
ci|uator and sells them at the poles at the 
same rate per kilogram as his cost price. 
If he IS to make profit without cheating, 
sliould he deal with mass or weight? 

2. 1'wo students surveyed the economic 
status of a neighbourhood. One student 
(A) arrived at the conclusion that the 
yearly average income was Rs. 2,5(X) per 
family there, while the other (B) main* 
taineij that the mean income was Rs. 
I(I.(HH) per family per year. They con¬ 
sulted a .statistician who gave them the 
correct information. Who do you think 
was correct. A or B? 

3. An environment-conscious scientist 
thinks that the pollutants of chemical 
tactories in the C heinbui area of Bombay 
arc influencing the survival of the trees in 
I he area 11 you had to .substitute “in- 
(iiicncing” in the last sentence, would yr>u 
sa\ the pi'lluianls are (A) "affecting the 
siuMyal" or (H) "effening the survival*'? 

4. The accident at the 'ITiree Mile Island 
nuclear power station in Pennsylvania, 
USA. shows that such accidents are 
[x>ssible. It may appear contradictory 
v\hen nuclear scientists all over the world 
maintain that such di.sa.strous accidents 
are highly improbable. Arc they right? 
Yes or No. 

5. Dr. Ka| has two good balances in his 
laboratory. Balance A can weigh di)wn to 
a milligram while balance B weighs down 
lo a tenth of a milligram. A scientist 
liMng ne:>jt door claims that balance B is 
more .sensitive, but Dr. Raj argues that it 
need not be so. since they have not 
dciei mined the .vmv/7/W/v. Dr. Raj's only 
claim is that (he detectability of balance B 
IS higher than (hat of balance A. Is Dr. Raj 
correct? Y'es or No. 

6. A doctor you know claims that liquids 
and fluids arc the same, and when asked 
why blood is not called a liquid, he says it 
IS just scientific tradition. Is he right or 
wrong? 

7. On your way to the hospital you meet 
<111 old friend who says that he is also 
.eoing to the hospital, to “collect his 
autopsy report". Is he right or wrong? 


8. The other day at the railway crossing 
we saw two trains crossing each other at 
the same speed. Were they certainly at 
same velocity also? Yes or No. 

9. If things are missing, a housewife has a 
knack of saying that they simply “evapo¬ 
rated into thin air". The other da> she 
left a piece of camphor on the table and, 
later, when she did not find it. she said in 
her characteristic manner that it “must 
have evaporated away". Her husband 

said. “Oh, dear, it has_!" (Fill in 

the blank evaporaled/sublimated.) 

10. When you paint an earthen pot with 
some dye, does the dye gel absorbed or 
adsorbed? 

11. A couple (having no children yet) was 
celebrating their first wedding anniver¬ 
sary with a cake. The wife who iilwii\N 
wished to share everything equally with 
her statistician husband asked him to 
divide the cake m a 1:1 ratio. The 
husband said that it was not possible. Was 
he right or wrong? 



12. A man felt very depressed when the 
doctor told him that his four-year old son 
was suffering from congenital heart dis¬ 
ease. lie argued with the doctor that 
none of his or his wife’s ancestors were 
known to have suffered from the disease, 
and so wanted the doctor to examine his 
son again. However, the doctor main¬ 
tained that the diagnosis was correct. Are 
congenital disorders the same as heredib 
ary disorders? Yes or No. 


Next Meitli; 
a Preview 

Thermoluffllnescsnce 

Tliermolumlnescence has 
found several applications 
in archaeology, geology 
and forensic science. 



Ride bareheaded—and 
doom is round the corner 

On to the cosmic 
menY-go-round again 

The stars, the gaiaxies and 
the universe ail spin round 
and round in their journey 
through space 

Glaciers 



How do these rivers of ice 
flow? 

Trees as dust filters 

Green trees can effectively 
shield cities from dust 
Rubik’S cube 
A colourful cube 
originating in Hungary and 
Japan is the cause of a 
new disease 
“Don’t-touch-itis” 

Nobel Prize Winners, 

1981 
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The Answers 


I.—Weight: The weight of a substance is 
equal to the product of its mass and the 
acceleration due to gravity. W = m x g. 
Since the value of f! is higher at the poles 
than at the equator, the trader is givings 
away less mass for the same weight. In 
this case the trader must be using a spring 
balance. Any other balance where coun¬ 
ter weights are used would record mass 
and not weight. 


N. Pole p -983.22 cm/s' 



Earth, showing approximate values of g at 
the equator and pole 

2.—Both A and B are correct: The first 
student .uses the word average to refer to 
the mode. The mode is the maximum 


4 . —Yes: Possibility implies a qualitative 
statement, whereas probability is a quan¬ 
titative one. An event is said to be 
possible even if it can occur with an 
extremely low probability. In the above 
example, such accidents are possible in 
future hut the probability of such an 
accident is less than one in a million per 
year. 



Three Mile Island mother protecting baby 


5.—Yes: Detectability, or the limit of 
detection, is the smallest amount that can 
be detected. Sensitivity is the change in 
signal that is produced by a certain 
change in another magnitude. Sensitivity 


can vaiy alorig tte scale ^ this ime 
sensitivity is often used (rather, mkused) 
to mean “the limit of detection"’. In the 
given figure, B and C have the same 
sensitivity (slope) but different limits of 
detection (intercept). A and D have the 
same limit of detection, but differ in their 
sensitivities. In A itself sensitivity 
changes along the scale. 



Sensitivity and the limits of detection 

6. —Wrong: A liquid is a state of matter 
intermediate between a solid and u gas. 
Fluid by definition means any substance 
which can flow. This definition includes 
homogeneous mixtures of solids in liquid 
(blood) or in a gas (smoke) apart from 
pure liquids and pure gases. 

7. —Wrong: Autopsy is performed on 
dead bodies (post-mortem operation) to 
ascertain the cause of death. Biopsy is 
performed on the tissue obtained from a 
living individual to a.sccrtain the cause of 
a disease. Obviously, your friend was 
going to collect his biopsy report. 


frequent class. Tlic second student uses 
the mean which is a precise term repre¬ 
senting the total of the incomes divided 
by the number of families studied. The 
word average is a loose one in that it 
represents the mean, mode, median and 
also geometric mean, root mean square, 
etc. So, when one says average one is 
telling very little unless he specifics which 
average he is referring to. This is not the 
case in biological variables where the 
mean, mode and median tend to be the 
same (normal distribution). 

3,—A: The pollutants are affecting the 
trees. It is the effect of pollutants on the 
trees which the scientist is studying 


Right: Residents of Chembur, Bombay, 
remember the time, not long ago, when 
this tree bore fruit 




*Tm not mistaken. It's my autopsy report I 
wantr' 

8.—No: Speed refers to only the rate at 
which a distance is covered without any 
regard for direction, whereas velocity 
includes both speed and direction. In the 
above example, if the speed of the trains 
was X, then the A^eiocities of the two 



'-X; <»lite.ttie^(>eed re¬ 
mained the same, X. 



Irain A has a speed of 60 kmph and 
velocity 4-60 kmph, while tram B travelling 
at the same speed has a velocity —60 kmph 

9.—Suhlimatcd: Siihlimation is detiDcil 
as a conversion ol solid to gaseous stale 
without becoming a liquid. Evapoiation, 
on the other hand, is the conversit)n ol u 
liquid into a gas. In this case, solid 
camphor must have got converted into 
\apour (sublimated). 



Solid 

-f- 



10. —^Adtorted: Adsorption is a property 
of a solid (adsorbent) holding molecules 
at its surface. On the other hand, absorp¬ 
tion is the penetration of one substance 
into another. 

11. —Right: Ratio is the integral relation¬ 
ship between one or more things while 
proportion represents a fraction ot a unit. 
In this case the distribution can be done 
in a l:J ratio if there were two cakes. 
Since there was only one cake it can only 
be distributed in 0.5:0.5 proportion. 



T 

I 


One cake can be shared by two people in a 
0.5;0.5 (or 50 per cent - 50 per cent) 
proportion, and they get half a cake each 



Sublimated 



If 10 cakes are shared among two people in 
a 1:1 ratio, they get five cakes each 

12.—No; The iloctoi was right. Congenit¬ 
al diseases are those present at birth. This 
term rclcrs usually to non-hcreditary 
disorders lleicditary diseases arc those 
IranMnittcd from paiciits to offspring. 

This quiz was prepared by I. NARAYANA 
RAO. T. GOPALAKRISHNA ond R MITRAof 
the Biology and Agriculture Division, 
Bhabha Atomic Research Centre, Bombay. 
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Reviving inorganic chemistry 


Theoretical Principles of Inorganic 
Chemlatry by G.S. Manku. Tata- 
McGraw-Hill. New Delhi. 1981, 564 pp, Rs. 
28.50. 


Thf spectacular progress made in the 
various branches of chemistry- during the 
last two decades makes it difficult to draw 
any lines of demarc'ation between inor¬ 
ganic, physical, analytical and organic 
chemistry. Further, the manner in which 
chemistry i.s taught today in western 
countries (as with a few centres in India) 
has so substantially changed that it is 
impossible to distinguish between the 
so-called inorganic chemistry and the 
present-day structural chemistry. 

Inorganic chemistry attained a rather 
bud reputation in our country' because of 
the manner in which it was taught, the 
stress having been on memory rather 
than on principles underlying certain 
phenomena. The few attempts made by 
certain universities to teach the subject in 
terms of structure and its correlations of 
chemical properties, however, suffered 
for want of the right type of books by 
Indian authors. Ihcorencal Principles of 
inorganic Chemistry fills the gap admir¬ 
ably. 

Prof. Manku's book would be very use¬ 
ful for graduate students majoring in 
chemistry. Of the 13 chapters, the first 
two describe the structure of aioiiis, cov¬ 
ering a requisite quantum of classical 
mechanics and quantum theory. The 
much neglected field of periodic clas¬ 
sification has been carefully covered in 
the third chapter. Instead of a discussion 
of groups and periods in the usual way, 
the author has vividly discussed impor¬ 
tant variable parameters, such as var¬ 
iation in nuclear charge, atomic volume, 
ionic radii, ionisation potential, electron 
affinity, and electro-negativity. 

The next twti chapters concern the 
nature of chemical bonding. The author 
has very lucidly explained the bond for¬ 
mation in terms of various theories 
of metal-ligand bonding. Important 
aspects like lattice energy. Born-Haber 
cycle, etc arc well considered. 

The subsequent chapters pertain to 
acid bases, redox system and solvents. 
The protonic acid-base concept and acids 
and bases arc well explained. The most 
important bases of half reaction and 
standard electrode potential are very 
neatly covered in the chapter on redox 
system. The chapter dealing with iso¬ 
lation of elements is somewhat classical 
and with the rhetorical descriptions ot 
various methods of purification of met¬ 
als, the subject matter turns out to be 
rather disintcrcsting.Thc last three chap¬ 


ters arc fully devoted to co-ordination 
chemistry, which, one might say, con¬ 
stitutes the backbone of modern inor¬ 
ganic chemistry. The concept of 
stereochemistry, the theory of co¬ 
ordinate bond, covering valency bond 
theory, crystal field-theory, molecular 
orbital theory and ligand field theory arc 
well depicted with appropriate illust¬ 
rations. The final chapter on properties 
of co-ordination compounds adequately 
touches the area of spectral charac¬ 
teristics, thermodynamic stability ot 
complexes, magnetic properties and 
inorganic reaction mechanism. 


Every chapter concludes with some 
questions which, by and large, are con¬ 
ventional. It would have been most 
rewarding if a few quiz-type questions to 
test the fundamentals were also included. 
Similarly, numerical problems are very 
limited. Notwithstanding the few errors, 
the author has done an admirable job. 
One now looks forward to the proposed 
second volume covering the chemistry of 
transition and non-transition elements. 

S. M. KHOPKAR 

Dr. Khopkar is Professor of Chemistry at 
the Analytical Chemistry Laboratory, 
Indian Institute of Technology, Bombay. 
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Six Statements 

IlFRr IS a set of .SIX statements, only one 
of which is correct. Which one is correct? 

1. Only one of these statements is not 
correct. 

I 2. Only two of these statements are not 
j correct. 

I 3. Only three of these statements arc not 
correct. 


Only four of these statements arc not 
correct. 

Only five of these statements arc not 
correct. 

Only six of these statements are not 
correct. 

P. RAGHU KUMAR 
(Solution next month) 


Solution to last month's Brain Teaser Also, lOv + jt + 5 - 2(10jr + y + 5) 

Simplifying, y = 5 -f 19 a 

Daughter • age minimum value of jr is 1. and 

Let the daughter's age be IOjt 4- y, hence y “ 3, For higher values of .r. y is 

where x and y are digits. Then the not a digit. Hence, the daughter's age is 

I mother's age is lOy + .v. 13. 



“Let me make it ctear-you will 
work here only till our brick 
hardness tester comes hack from 
repairs. ” 








ieucoderma 


Abburi Ramaiah 
Intisar Hussain 





Why the skin starts losing colour is yet an unsolved mystery 


W HEN the geometry lesson got 
boring, tourleen-ycai-old 
Nicholas found himself a moic in 
(cresting thing to do. Picking up his 
Jiviilcrs, lie scratched out the name of 
his pretty classmate, Mandy. on his 
right forearm. For a couple of days 
alter that he sported the crusty 
scratch marks and then probably he 
torgot about it. Four months later he 
was in for a rude shock: “MANDY * 
began to reappear in white on his 
torcarm like an old lilrn sent fi»r 
ileveloping. And together with that, 
he noticed, white patches began 
appearing on his knees, skin, elbows, 
eyelashes and chin. Nine months 
laicr there were more patches ol 
discohmration i)n his trunk and lace, 
some of the old patches had enlarged 
hut, quite cmbarrassinglv, the name 
etched on his arm remained un- 
cfianged. His ailment is known as 
vitiligo. 

In laymen’s terms, this eosmeltcal- 
Iv disfiguring disease is known as 
icucodemia. !,eucoderma is a generic 
term for lightened skin; it includes 
vitiligo and there is no fundamental 
distinction. Also, to laymen, vitiligo 
IS a less scary term than leucodeima. 
h IS a common expciiencc t)( der¬ 
matologists that most people gel 
alarmed when they notice while 
patches, that they have lciic(»derma. 
When told they have vitilim), how> 
c\et. they seem to relax. 


Vitiligo has no racial barrier; only, 
it IS mote conspicuous in darker 
people. But lor the lack of pigmenta¬ 
tion in patches, the afflicted indi- 
Niduals are as normal as anyone else. 
I'he disorder, known for more than 
4,1 MM) years, is often confused with 
other skin depigmentation diseases. 
In the Atharva Veda, it is referred to 
as shwruikusili. Kusth in Sanskrit is a 
general term lor all skin ailments and 
also for leprosy, and \h)\rta means 
w'hitc; thus shwetakiisth would mean 
white leprosy. Leprosy is caused by a 
microiirganism; vitiligo is not caused 
by any organism and iherelore it is 
ru)t contagious. 

In some parts ol India, the disease 
is known as jnnuiaro}* — the disease 
that King Paiiciu got his name from. 
/*andii could he taken to mean while 
oi pale. It could have been that King 
l^iiulu was an albino. But strangely, 
m some north-eastern stales, ilie 
name is used loi jaundice. 

rhe coillusion is quite w idespread. 
Some relcicnees to lepiosv in the 
liih/c may have actually been cases ot 
Miiligo. l or example, “May then the 
leprosy t»f Naman cleave unto thee, 
aiui unto thy seed lorevei, and the 
(Cleha/i) went out from his (Flisha s) 
presence a leper as white as snow " (2 
Kings ,S-27); “...and the cloud de¬ 
parted Irom oil the label naele. and 
behold, Miriam became leprous, 
white as snow" (Num. 12:IH); if 



Vitihgo as a result of trauma. This 14- injury. He had etched out the name of a girl 
ytiar-oid boy developed white discoloured on his right arm with a pair of geometry 
patches tour months after a self inflicted dividers 


the bright spot be while in the skin of 
the flesh, and in sight be not deeper 
than the skin, and the hair thereof he 
not turned white; then the priest shall 
shut up him that hath the plague 
seven days" (Lev, 13:4). 

And in the New World “lepers’" 
were saciiticcd to the Cioddess of 
w'hile Maize. According to J. G. 
Frazer, these sacrificed ancient Mex¬ 
icans may have been vitiligo-affected 
individuals. The small white spots 
could Iv taken to resemble corn 
kernels and thus the afflicted per- 
son s fate was sealed. 1 he confusion 
persisted almost up to the present. In 
Its \95h edition, the Sta/rfer Oxford 
Lai^li\h Didionarv on Historical 
Principles dclined vitiligo as a species 
of leprosy. 

Lhc disease affects about one per 
cent ol the world population and 
about three percent of the Indians. It 
can occur at any age, right from 
childhood \o senescence. It occurs 
equally m both sexes. It may develop 
•IS a single patch or as multiple 
patches. The patch!es) may remain 
sialic lor a long lime and then sud- 
tlenly start progressing or may en¬ 
large giadually. The patches may be 
sometimes symmetrically distributed. 
Dll the whole, the distribution of the- 
depigmentation cannot be predicted. 
It generally starts in the skm around 
the oiitices . |or example, on the 
lips, a 1 omul the eves. etc. 


o ^ 
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Typical distribution of depigmentation 
patches of vitiligo involving areas of repe¬ 
ated local trauma 
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What cauaaa vWfIgb? 

Some scientists believe that this 
disorder has a genetic basis and that 
it is transmitted to the offspring as an 
autosomal dominant {AD) character¬ 
istic with varying expressions of the 
inherited trail. An AD trait is one in 
which a single gene from either pa¬ 
rent can affect the individual. There 
has been one record ol identical 
twins having vitiligo which suggested 
a genetic basis. But, there was 
another case where only one ot tfie 
identical twins acquired vitiligo So, 
how far are genes responsible h>r the 
disease? Analyses oi a number ol 
individuals wiih vitiligo in \aiious 
countries showed that only 3.s t<i 
per cent of them had a taihil> history 
of it. I'or the rest, no genetic basis 
was possible. 

Another theory holds that trauma 
could lead to vitiligo, as in the case ol 
Nicholas cited heiore. lYaiima has 
long b e c n a e c e p t e tl a s a 
localising factor in vitiligo. For exam¬ 
ple. in my own case (A. Ramaiah;. I 
remember that a depigmenied patch 
of a size ol pea appeared on the 
lower lip after an operation t)n the 
left hand at the age ot II, slaved 
stationary for about 22 years belore it 
spread to other parts ol the body. 

By far the most attractive hypo¬ 
thesis IS the neurological oiigin ot 
vitiligo. Both pigmciu-lorming cells, 
the melanocytes, and neuional cells 
have a common origin in the 
embryo—the neural cresi (see box on 
p. .57). When the inner neural crest is 
cultured in vitro, it diflereiuiaics into 
inelain)cvtes, pioducing nieLinin. 
According to this theory which sug¬ 
gests a neurological oiigin to vitiligo, 
norepinephrine or some other 
catecholamine chemicals that iraiis- 
mil nerve messages are released in 
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Migration of 
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Differentiation 
of melanoblasts 
into melanocytes 


MEtANOSOME 


Mitotic division 
of melanocytes 
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Formation of melanin in the skin 

excessive amounts at the peiipheial 
nerve endings in viiihgo palienfs. 
The e.xeess is inactivated very slowlv 
and these, during their ptolongetl 
presence, mav prove toxic to melano- 
evtes cells at that site. Most phenol oi 
ealeehol deiivativcs. including cei 
t.iin melanin pieeursors like Ivrosme 
do[>a, dopaehrome and 3-4 dihvd- 
rowphenylalanine, in proper con- 
eentralioiis inhibn ivrosmase, the en- 
/vme that converts lyrosine to mela¬ 
nin. and simultiineouslv destun 
melaruK'vtes 

C ertain phenolic Cimipounds and 
catechols used m indusuy. like p- 
lertiarv hutvlphenol and p-lerliarv 
amviphenols which are used as ger- 
miciiles and 4-lerliar\ biiivleateehol 
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The epidermal melanin unit 


Tyrosinase 


j I Tyrosinase ^ I 

NH, 0 ^ NHj 


Tyrosine 


3, 4 - Dihydroxyphenyl alanine 
(Max absorption - 280 nm) 


Dopa quinone 
(Spectrum unknown) 
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5,6Dihydroxyindole Dopaehrome (Max 

(Max absorption - 275 nm, 296 nm) absorption - 305 nm, 475 nm) 
j (red) 

I J -^ Melanochrome - 

nj/ (Max absorption =-- 300 nm, 540 nm) 

O ^ (purple) 

Indole - 5,6 “ quinone 

j (yellow) _ 

Stages in the oxidation of tyrosine to melanin 


Leuco dopaehrome 
(Spectrum unknown) 


Melanin 

(General absorption) 
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Hbw mucK cdour does si man's skin 
need? 


It all depends on how the Sun shines 
on him. If his homeland is scordiing hot, 
black would protect him best; its ad van 
tage is more than offset by the extra 
heat his skin will absorb. A white skin 
would get burnt. In fact there is usually 
a higher incidence of skin cancers in the 
white races and they are always warned 
to keep away from the Sun. For many 
animals, the colour of hair and fur is 
important for camouflage, for com- 
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! A. Melanosome complexes from a mal- 
! pighian cell of a Caucasoid. The com- 
; plexes are surrounded by a membrane 
! and contain small particles. B. Melano- 
i some complexes from a malpighian cell 
jof a Mongoloid. There is less ground 
I substance between the melanosome than 
; in A. C. Melanosomes in the malpighian 
! cell of a Negroid. Almost all melano- 
1 somes are individually dispersed and are 
much larger than those in A and B (Magni¬ 
fied 50,000 times) 


munication and radiation protection. In 
humans too it is mostly for protection 
against solar radiation. That it has 
acquired social and political significance 
is rather unfortunate. 

Mammals are unique in that they 
possess two separate but biogenetically 
interrelated classes of melanin pigments: 
the brown black enumelanins which are 
formed by the enzymatic oxidation of 
tyrosine and the pheomclanins ranging 
from yellow to reddish brown which 
arise from a deviation in the eumelanin 
pathway, through the interaction of 
cysteine with dopaquinone. Pheomela* 
nins are often found in hair and feath¬ 
ers. The melanosomes containing 
pheomelanin are spherical while eume- 
lanin-carrying melanosomes are ellip¬ 
soidal 

Besides these pigments, there are two 
others in the human body, hemoglobin 
that gives blood its colour and carotenes 
which give body fats a yellow colour. 
All three pigments conlribulc to the 
normal colour of the skin but the racial 
differences are due to variations in the 
melanin content, size and shape of the 
melanosomes. 'The number of melano¬ 
cytes, however, is the same in all races 
Exposure to sunlight induces the multi¬ 
plication of melanocytes which also step 
up their melanin synthesis to protect 
from the over-exposure. 

Melanin is a pigment produced by a 
network of specialised cells called mela¬ 
nocytes in the basal layer of the epider¬ 
mis. The melanocytes are like nerve 
cells to which they are related; they 
have dendrite-like long slender projee 
lions. Both nerve cells and melanocyte 
are derived from the neural crest -a 


iMmd oftbaue on the neunil in ihe' 
developing embryo. In the melanocyte* 
tyrosine is enzymatically conveirted to 
melanin and stored in the intercellular 
structures called melanosomes. The 
melanin-laden melanosomes migrate to¬ 
wards the processes (projections) of the 
melanocytes, and are taken up by a 
layer of cells called keratinocytes. And 
the keratinocytes migrate towards the 
surface and give the skin its colour. In 
the dark skin, the melanosomes formed 
are large and well distributed. In the 
white and light skin, the melanosomes 
are small and clustered. 

As regards hair, black, brown and 
blond colourations are due to melanin. 
The flaming red hair contains, in addi¬ 
tion to melanin, an iron pigment. 

In the vitiligo skin, the normal col¬ 
ouring prcKess fails; sometimes the hair 
in the area also loses its colour. Prema¬ 
ture grevine occurs in 37 per cent of the 
cases, suggesting that they may be similar 
phenomena. However, hair greying is a 
result of changes occurring at the root. 

Depigmentation can be controlled by 
certain tyrosinase-inhibiting chemicals. 
For example, by injecting hydro- 
quinone, Negfoes can be made as white 
as albinos permanently and by con¬ 
tinuous treatment with psoralens, a 
Caucasian can be made to look col¬ 
oured, although he would revert back to 
his natural colour by stoppage of this 
drug. Such treatments are not without 
their side-effects. 

A. R. 




which is used in the manufacture of 
polyester resins, rubber, plastic and 
paint, could cause local dcpiementa' 
tion in individuals handling them for 
a long time. This process resembles 
vitiligo. The phenomenon of depig¬ 
mentation of areas unexposed to 
these compounds, however, is not 
well understood. It may be an im¬ 
munologic reaction resulting from 
sensitisation of lymphocytes after ex¬ 
posure to melanocytic antigens— 
antigens derived from dead melano¬ 
cytes—which form on the death of 
the melanocytes in the exposed 
areas. These sensitised lymphocytes 
may then attack healthy melanocytes 
at distant locations. 

Another theory deals with autoim¬ 
munity as a cause for vitiligo. Auto¬ 
immunity is a process where the 
defence mechanism of the body goes 
haywire; it fails to distinguish be¬ 
tween self and non-self and thus 
produces antibodies against some of 
its own cells (Scilnce Today. May 
1980, p. 50). This self-destruction 
process, wherein a specific organ 
mav be affected, leads to disease or 
malfunction. I'en percent ot the iiuii- 
viduais who suffer from an aiUoim- 
munc disease of one kind or another 
have vitiligo compared to one per 
cent in the general population. 
However, the proof lor tnis ihet)ry is 
lucking in a majority of cases. So far 
only two individuals affected by vitili¬ 
go have shown melanocyte-des¬ 
troying factors in their blood-com- 
plement-tixing factor that attaches 
Itself to the melanocytes. Maybe, 
future tests with greater sensitivity 
will reveal the presence of specific 
antibodies to melanocytes in the sera 
of all vitiligo patients: till then, 
however, this hypothesis is only 
plausible. 

Can it be cured? 

In the normal skin, exposure to 
sunlight enhances the formation of 
pigments and it grows darker. This 
excess of pigmentation is meant to 
provide greater protection against 
the scorching effects of the solar 
radiation. In the case of vitiligo skin, 
the normal respimse is absent; in¬ 
stead. exposure results in sunburn. 

To bring back coltnir into the white 
skin, Indians and L-gyptians arc 
known to have used extracts of the 
pianl bavachee (Psoralen corylifolia). 
The seed extracts were used both 
orally and topically, according to 
ancient Indian literature. The active 
principles of tfic seed extracts were 
identified as furocoumarins, that is, 
psoralens. When administered orally 
, and followed by exposure to ultra¬ 
violet light (wavelengths 315 to 4()0 
nm) of sunlight, pigmentation 
cKCurs in the affected skin in about 30 





DepMimentation of the hand pt a 
Negro laboratory worker who used an anti¬ 
septic containing 3 per cent p- 
tert-butylphenol. The spotty depig- 
mentation rapidly developed over an 
8-month period and resembles vitiligo. 
There is no depigmentation elsewhere on 
the skin 

to 35 per cent of the cases. I his 
Irealmenl lakes many months aiul 
these coiiipouruls are toxic to the li\ci 
The toxicity to liver can be reduced 
by decreasing the level of these com¬ 
pounds in the blood. This is accom¬ 
plished by allowing the patient to 
soak in a tub containing extremely 
dilute psoralen solulion. By this, the 
concentration of the drug in the skin 
is kept high while that in the blood is 
kept low. 

I he mechanism b> which psoralen 
acts is not clear: some experiments 
indicate that these compounds in¬ 
teract with DNA (deoxyribonucleic 
acid) rcsuliinc in the increased svnih- 
csis of tyrosinase which leads to an 
increased rate of pigment produc¬ 
tion. Additionally, these compounds 
result in the formation of larger 
mclanosomes- pigment-bearing 
bodies—and help in their dispersion 
making the skin appear darker. 

Corticosteroids have been used in 
partially successful treatment of viti¬ 
ligo. However, their mechanism of 
action is not at all clear. 

New findings 

Knowing more about the disorder 
of course would help to design belter 
preventive and curative methods. 
With financial help from the Depart¬ 
ment of Science and Technology, w'e 
have started working on the problem 
in our Institute. The questions we 
tackled are: (1) Does vitiligo skin 


can it synthesise melanin In vitro? (2) 
Are there any natural inhibitors of 
the enzyme tyrosinase in the melano- 
somes? These questions are impor¬ 
tant because if the melanocytes arc 
not present in vitiligo skin, treatment 
should envisage the multiplication 
and migration of these cells from the 
borders of the vitiligo skin or frorrt 
the hair roots of the vitiliginous area 
in case the hair in these areas is 
pigmented. 

So far there were no conclusive 
answers to these questions. Wc tried 
biochemical methods to find the clue. 
Tvrqsina.se in the human epidermis is 
the marker enzyme for melanocytes. 
Therefore, the presence of this en¬ 
zyme in the epidermis of the vitiligo 
skin should be proof of the existence 
of melanocytes, whether active or 
inactive. Homogenised vitiligo skin 
epidermis was tested for tyrosinase 
activity and its ability to incorporate 
uniformly labelled "t'-Z-tyrosinc into 
melanin by following the rale of 
formation of its product dopa. The 
epidermal homogenates did exhibit 
tyrosinase activity and incorporated 
uniformly labelled "C'-/-lyrosine 
into melanin. But their rates are onlv 
four to 37 per cent and 10 to 42 per 
cent respectively of the correspond¬ 
ing normal values. Since these results 


Albinism 

\'n ii.i(iu is often, confused with athin- 
isin. Albinism is always hcrediiary and 
the dcpigmcntution is complete< and h 
present at birth. Vitiligo inrcurs most 
often in patches. Rarely is the complek' 
Kuty involved, and it cOuld staift at ain 
IKriAHl of life. Vitiltgo is shtw n lo 
I be hereditary onl\’ in a4H>ut 30 per com 
lid the cases. Albinism is of two kinds, 
with the absence or presenec i»f tyrosi¬ 
nase activity. The tyrosinasc-n^ativc 
albino van he distinguKhed from the 
tyrosinase-ptwiilive bv a test called the 
iMiir bulb te«. BuHvr of pfueked luurs in 
I growing phase will fail and 

form metanin after 
lionifi vitix) wiihtyriisitieandiB^ 
ivltepylaiamne (dopa h HowjpyiJfV in the 

tynfstn^'-posHKv albiwxthe^^y^bulbs 

iktrkeri rupidty, Ultrastfiu,^Hfal ^udie^ 
of skin and hair skiw )n Ihv 
tvrttsinaite-negatiVc ulbiAO of the 
incianoMimeK are witluuu stiy* liichtnisa- 
tnvn. In ecmtrasC. the 
tyri^smitse-posiitve ditiw sivnic 

niclaiiisation uiid. alters.o( 
the skm and Mr in jlynifiiie most 
id them are fully 

most of the ridtrMrucniliut or 

vitilig«* skin sliowlfae .irf bK'i.i' 

nosomes. though this b ^ifl coiitint r- 


sial. 
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■ a'Hdmv- 

ftCtitii gw- ' 

trie ^c^jtfi^ji^: jmp^i«d hepatic func* 
tiortsjlW to jteiundto arc iMhcr 

parwHes Vf canal, 

tjrphtiidim pat- 

term aa^* iM msLim,. which 

amifii^ng -)ro^>4^ trigger off 

Iciicttditfiiiii. f 1« tariCHiim 
attention ibhtiiiid be paid. Iq, the firstt 
whfl^ jipOiV tMjj^ 

on tiii ^ m buim (l^ 

tire or«M:kh}t 

c(m^gnk\|ttMng ^ther f(K>twear. 

surgical; chta., or ^|nic woiiind or even 
an Ubrwkm cammed by vaticination, 
Paranjape ^is deVcbiptHf a simple 
method comhimntt surgeiy and herbal 
medication the regeneration of shin 
pigmenui, Twice a day. the patiem is 
orally given a diise of a special herbal 
mixture latid to stimulate shin pigmenta¬ 
tion* besides keeping the hr>wti>H clean 



■ I-n/rfirj^ / 

. Mm:, ‘^'rdhctiirc- of 
implied tntternalJy 

epiilermttl 4ayer of •the hfcW tii- 
tnidormally in/eeting a two: per cent 
solution of procaine hydrochloride as a 
hKnl anacKthtfiic. The Id per cent kud* 
rtijitra tincture which ucceleraies pig¬ 
ment formation rs ulUnved to m^sik into 
the wound area for four to five minutes 
after which the wound is hutrdaged. 

At regular intervals of three weeks,, 

, these simple cuts are then repeated at 
<uher white apoXH. After about tbreo-lo 
six weeks, new skin with healthy normal 
colquration appears and there ore'no 
scars, it is reported. Some paticfitti have 
alsir been to ultra-violet rays 

along with, ihc herbal therapy, 

There have been encouraging Results 
for many patients, but others had btbe 
punciuivd three times to cyoke a rc- 
S|nmsc, And in some people, no iin- 
pfo\cmein was observed. Avoiding oily 
ami spicy seems to enhance the 

chances cure. 

B. a M. 


p]o\e thfit vitiligo skin can svnihesiso 
melanin in vitro, the next question 
was what prevents the synthesis in 
VIVO* During the investigations, we 
ohsorveJ that the epidermis ot normal 
skin contains in its melanosomes a 
protein which inhibits tyrosinase 
activity with its substrate tyrosine 
competitivelv. *1 hat is. both the pro¬ 
tein and tyrosine react with the 
same site m oxer lapping sites on the 
en/yme. Whether there is an increase 
111 the concentration of this protein in 
the melanosomes of epidermal mela¬ 
nocytes in vitiligo skin and whether 



'the Siberiarr hamster in summer (top) and 
winter (above) 


this is m anv xxay related to the lack 
ot melanin are now under investiga¬ 
tion. In addition, a natural de¬ 
inhibitor is actively being looked for 
in the normal and vitiligo skin. 

During these studies it was also 
observed that the tyrosinase activity 
is at least tour to lb times higher than 
the rale of melanin synthesis both in 
normal and vitiligo skin. This means 
that melanin synthesis is regulated at 
points also other than at the tyrosi¬ 
nase step. A similar conclusion was 
arrived at by other scientists using 
.Siberian hamsters. Annual cycles of 
lur colour change occur in a variety 
of mammals and is particularly 
maikcd in species from sub-Arctic 
and north temperate /ones. Siberian 
hamsters exhibit a striking colour 
change—the fur on the hack being 
brownish grey in summer and almost 
snow white m winter. I'he changes 
from one condition to the other occur 
in the spring and in autumn months. 
These changes from the white coal to 
the d irk summer coat can be pre¬ 
vented by injecting '.nelatomn, and 
pinelectomy—removal of the pineal 
gland-keeps the coat colour dark 
independent of the season; this sug¬ 
gests that melatonin is one of the 
important compounds for the pro¬ 
duction of the impigmentcd hair 
phase in the annual colour change 
cycle. Melatonin was shown to have 
no effect on tyrosinase or its increase 


in respomci to meIaiiocyto«stimt^W'* 
ipg hormone (MSH) in vitro. This also' 
suggests that the regulation of mela¬ 
nin synthesis is at points also other 
than at tyrosinase. However, no such 
role of melatonin on melanin synth¬ 
esis has been found in humans. 

Recently, three factors were found 
in melanoma cells—cancerous mela¬ 
nocytes—which may be involved in 
the regulation of melanin synthesis 
( p. 5(> ): (I) a dopachromp conver¬ 
sion 1 actor which accelerates the con¬ 
version of dopachrdme to 5.6- 
dihydroxyindolc; (2) a 5,6-^. 
dihydroxyindolc conversion factor 
xx'hich accelerates the conversion of 
5, 6- dihydroxyindolc to melanin and 
is active only when cells are exposed 
to MSH. and (3) a 5,6- 
dihydroxyindole- blocking factor 
which restricts melanogenesis at the 
5. 6-dihydroxyindolc .step. This fac¬ 
tor also appears to protect cells from 
the cytotoxic effects of the melanin 
precursors. 


It is likely that similar regulatory 
factors may be present in the melano¬ 
cytes and may be involved in the 
regulation of melanin synthesis. 
Variations in any of these factors in 
vitiligo skin may explain the luck of 
melanin synthesis even in the pre¬ 
sence of melanocytes. The next step 
in research would involve looking for 
these factors in normal and vitiligo 
skin. 

Melanin synthesis and its con 
trol arc complex than hilerlo 
to believed, and the understanding of 
regulatory factors of melanin synth¬ 
esis in normal melanocytes may help 
in delineating the defects in the 
vitiligo skin and hopefully to the 
correction of this defect. 
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Walter Mertz 

Manyofourchronicdiseasesareof unknownor suspectedmultifactorialorigin.Could they bedue 
trace element deficiencies? ' 


T he bulk of living matter con- 
sists of hydrogen, carbon, nit¬ 
rogen. oxygen and sulphur. The con¬ 
centrations of these elements in 
hioldgical matter can be expressed in 
grams per kilogram; they are re¬ 
quired in gram amounts per day in 
humans. The mucromincrals sodium, 
inagnesium. phosphorus, , chlorine, 
potassium and calcium serve as struc- 
lural components of tissues, as con¬ 
stituents of the body fluids and are 
essential for the function of all cells. 
Their concentrations in living tissue 
and the adult human requirement are 
somqwhat lower than those of the 
hulk elements, but still can be ex¬ 
pressed as grams per kilogram and 
grams or fractions of a gram per day. 
Ihe remaining elements of the 
periodic system occur in the organ¬ 
ism in much lower concentrations 
and are expressed in terms of milli¬ 
grams or micrograms per kilogram of 
tissue. Such concentrations were not 
easily quantified by the early analy¬ 
tical methods, hence the name 
"trace" elements. 

Frace elements are best classified 
in two categories; those whose essen¬ 
tiality has been established by 
accepted scientific standards and 
those for which proof of essentiality 
docs not exist. Research during the 
past three decades has added molyb¬ 
denum, selenium, chromium, nickel, 
vanadium, silicon, ilnd arsenic to the 
list of essential elements. This sug¬ 
gests that additional elements could 
be proved essential by future re¬ 
search. 

By the simplest definition, an 
essential element is one required for 
maintenance of life. Severe deficien¬ 
cies of an element that result in death 
are difficult to produce, particularly 
if the element is required in very low 
concentrations. A broader definition 
oi essential elements has therefore 
been proposed and is widely 
accepted; an element is essential 
when a deficient intake consistently 
results in an impairment of a function 
irom optimal to suboptimal and 
, when supplementation .with physiolo- 
. gical leyefe el this eljement^ but not of 

T.j ■'si'll ■'IL'.i.i ,,“S^-.'.fV^ ...i’-'' ‘ ' 


others, prevents or cures this impair- num and iodine. Growth depression 

ment. Essentiality is generally ack- resulting from deficiency of fluorine!, fiij 

nowledgcd when it has been demons- and tin and growth stimulation fol- . 
trated by more than one independent lowing supplementation with thes^v C' 
investigator and in more than one elements have been reported but not i'jj 
animal species. By these criteria, the yet confirmed. Nevertheless, fluorine ,/: ? 
following trace elements arc now can be considered essential on the 
considered essential in animals; sili- ba.sis of its demonstrated effect on 
con, vanadium, chromium, man- denial health v ?v 

gancse, iron, cobalt, nickel, copper. The degree to which a function is 
zinc, arsenic, selenium, molybdc- impaired in an animal with a deft- ^ 






cieitcy k ndt felated ^to lhe ottenoa 
of essentiality but depends on the 
decree to which exposure of the test 
animal to the trace element-—by way 
3 f diet, water and air—can be con¬ 
trolled. Such control is easy for ele¬ 
ments that are required in relatively 
high concentrations, such as iron and 
ainc, but is difficult and requires 
special precautions for those that are 
required in much smaller concentra¬ 
tions, such as selenium, chromium, 
vanadium, nickel and arsenic. 

The dependence of the severity of 
signs and of the effects of resupplc- 
mentation on the degree of deficien- 
^ was formulated mathematically by 
G. Bertrand at the beginning of this 
century. The rule states that a function 
for which a nutrient is essential is 
very low or absent in a theoretical, 
absolute deficiency, and increases 
with increasing e^osure to the 
essential nutrient. This increase is 
followed by a plateau representing 
the maintenance of optimal function 
through homeostatic regulation, and 
a decline of the function toward zero 
as the regulatory mechanisms are 
overcome by increasing concentra¬ 
tions that become toxic. Although 
each essential nutrient has its own 
specific curve, the principle of Ber¬ 
trand's model is probably applicable 
to all essential nutrients, including 
the bulk elements, water and Oxygen, 
as well as the individual trace ele¬ 
ments. Two conclusions from this 
model are relevant to the -under¬ 
standing of trace element research: 
(i) for each element there is a range 
of safe and adequate exposures, 
within which homeostasis is able to 
maintain optimal tissue concentra¬ 
tions and functions; and (ii) every 
trace element is potentially toxic 
when the range of safe and adequate 
exposure is exceeded. 

Past trace element research has 
demonstrated essential functions for 
at least three trace elements, sele¬ 
nium, chromium and arsenic, which 
previously had been known only as 
toxic. These examples have impor¬ 
tant implications for the quality of 
the environment and for present 
efforts to reduce exposure to “toxic" 
elements to a minimum. Although 
adecjuacy of trace element metabol¬ 
ism IS strongly influenced by a multi¬ 
tude of dietary interactions, safe and 
adequate intakes are reasonably well 
defined for iron, zinc and iodine. 
Ranges have been estimated for 
fluorine, chromium, manganese, 
copper, selenium and molyMenum, 
but are unknown for the “new" trace 
elements, vanadium, nickel, silicon 
and arsenic. 

in an adult human, the daily turn¬ 
over of cobalt as a constituent of 
vitamin Bn is between 100 and 150 



Iron (malesl 

10 

Iron (Nrmalefl 

18 

2tnc 

16 

Menganoie 

2.S to BjO 

Fhjorlnt 

1.6 to 4.D 

Copper 

2.0 to 8.0 

Molybdenum 

0.16 to 0.5 

CHromium 

0.08 to 0.2 

Selenium 

0,06 to 0.2 

Iodine 

0.16 


nanograms per day, corresponding to 
approximately 2 parts per trillion of 
the adult body weight; the average 
vitamin Bn-cobait concentration in 
bjood approximates 5 ng/litre. Defi¬ 
ciency of vitamin results in a 
serious disease, pernicious anemia. 
Although other trace elements, such 
as iion, copper and zinc are present 
in the organism in much higher con¬ 
centrations, the example of cobalt 
challenges the scientist to explain 


hmmM -tsaoM df" 
foundiy infloeiioe fiinctiofis that are 
essential for health, and how they are 
recognised by the organism and 
transported to their ultimate site of 
action. Our knowledge of the chain 
of events linking the ionic property of 
a trace element to the expression of a 
health-related function in the whole 
organism is incomplete, but some 
parts of this sequence can be dis¬ 
cussed. 

Amplification. All known essential 
trace elements are constituents of or 
interact with larger molecules, such 
as enzymes or hormones, that, in 
turn, regulate much larger masses of 
substrate. If this substrate itself has 
some regulatory function, the effects 
are further amplified to a degree that 
could relate to the overall effect of 
the trace element in the intact organ¬ 
ism. 

Specificity. The effects of trace 
elements in vivo arc absolutely speci¬ 
fic: a deficiency of one element can 
be prevented and remedied only by 
that, but not by another, element, 
even if the latter is chemically related 
to the first. If anything, the severity 
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DEFICIENCY 


Element 

Funetiofi 

Humans 

Fluorine 

1 

Structure of teeth, possibly of bones; 
possibly growth effect 

Increased incidence of 
caries; possibly risk factor 
for osteoporosis 

Silicon 

Calcification; possibly function in 
connectlvetissue 

Not known 

Vanadium 

Not known 

Not known 

Chromium 

Potentiation of insulin 

neiativs insulin resistance, 
impaired glucose tolerance, 
elevated serum lipids 

Manganese 

Mucopoiysscehsrides metabolism, 
supsroxide dismutsse 

Not known 

Iron 

Oxygen, electron transport 

Anemia 

Cobalt 

As part of vitamin 

Only as vitamin bu; 
deficlsncy 

Nicket 

Interaction with iron absorption 

Not known 

Copper 

Oxidative enzynnes; Interaction with iron; 
cross-linking of eisstin 

Anemia, ohsnges of 
osstfiGStion; possibly 
elevated serum chotosterol 

Zinc 

Numerous enzymes involved in energy 
metsbotiem and in transcription and 
translation 

Growth depreseioni eexusi 
immaturitv, Mtin lesions, 
depress of 
immunocompetence* 
change of taste acuity 

Arsenic 

Not known 

Notkeibwn 

Selenium 

Qlutothioneperojcidaee; interaction Whh 
heavy metsli 

EndamiccSrdibmyopsthy 
WesHshdtsassi) 
conditioned by selenium 
dsfielgncy 

Molybdenum 

Xmthln,, aliMiyxi,. wIpM^ oxidnM 

Notkfiown ^ 

kKOne 

CMftMMtteft>iyrnW4ioiitwnM ' 

GiMtm* depiesikm of 

^ lUnOVINIf H'; -, 


exceMB of dMinicalfy ele¬ 

ments. This specificity of trace ele¬ 
ment action in vivo contrasts with the 
much less specific behaviour of trace 
elements in vitro. It is known that in 
at least two metalloenzymes the spe¬ 
cific element zinc can ne replaced in 
vitro by other transition metals, such 
as cadmium and cobalt, with little 
loss of overall enzyme activity but 
with a change of the enzyme's affinity 
tor substrates. Enzymes that do not 
contain a trace element as an integral 
part but are activated by metals, 
respond to in vitro addition of several 
transition elements with a dose- 
dependent activation. This su^ests 
that the high decree of specificity in 
vivo is brought about by carriers with 
specific sites that recognise a certain 
element when it enters the organism 
and delivers it to its own sites of 
action, but not to others. The 
mechanisms that govern the associa¬ 
tion of an element to its carrier and 
its subsequent dissociation to its site 
of action are not known. Among the 
large carrier molecules are plasma 
proteins, such as transferrin, cerulo- 


transmanganin and nicketoplasmiii. 
In addition, a fraction of the trace 
elements in serum is carried in the 
form of amino acid or small peptide 
complexes. The binding capacity of 
specific protein carriers is usually 
undersaturated. Under normal'con¬ 
ditions, for example, transferrin car¬ 
ries only one-third of its maximum 
iron load. The reserve binding capac¬ 
ity can be considered an effective 
buffer against excessive exposures; 
toxicity from nonspecific organ distri¬ 
bution of trace elements usually re¬ 
sults only after this buffering capacity 
is exceeded. 

The carrier substances assure the 
delivery of trace elements to their 
specific sites of action. At these sites, 
the action of a trace element is 
specific and is dependent on prop¬ 
erties such as valency state, redox 
potential, ionic radius, coordination 
number, coordination geometry, spin 
state (high versus low spin transi¬ 
tion), and rate of ligand exchange. 
These properties, in their entirety, 
clearly distinguish one element from 
another. And the property of trace ele¬ 


ments, 

sition elements, to form coordimite 
compounds is the chemical basis of 
their biological action. 

Homeostatic regulation. The 
organism has powerful mechanisms 
that maintain the plateau of optimal 
function in the. biological dose-* 
response curve throughout a wide 
range of dietary and environmental 
exposure. Comparable extremes of 
some macronutrients, such as water, 
salt, or protein over extended 
periods of time would be incompati- 
Die with health. The buffering aspect 
of homeostasis already has been dis¬ 
cussed: the specific carrier subst¬ 
ances of trace elements are normally 
less than fully saturated and thus 
present a certain buffering capacity 
against excesses, but control cif 
absorption or excretion mechanisms, 
or both, is quantitatively more im¬ 
portant. 

Gastrointestinal absorption of 
trace elements occurs in three diffe¬ 
rent phases: (i) the intraluminal 
phase with its chemical reactions and 
interactions of elements in the sto¬ 
mach and intestines; (ii) the trans- 


SIGNS 

Animals 

Caries; poraibly Qrowth depression 

Growth depression; bone deformities 

Growth depression, change of metabolism 
Relative insulin resistance 

Growth depression, bone deformities. 

P-celi degeneration 

Anemia, growth retardation 

Anemia; growth retardation In ruminant 
species 

Growth depression, anemia. 

Anemia, rupture of large vessels, 
disturbenoet of ostiflcetion 

I Failure tb eit, aevere growth depression, 

1 skin lesione,sexueJ immetufity 


impaini^nit of giowtht mprddu^ 

Different, depending on epeeies: muscle 
degeneretioniminiriiM^^ 

; •trpphytobl^) 

Difficult to pi^yce;aioifrth c^ 

V Doltre, j|iph^^ 


Occurrence of imbalances 
in humans 

Deficiency and excess known 


Not known 
Not known 

Deficiency known in malnutrition, aging, 
total parenteral alimentation 

Deficiency not known; toxicity by 
inhalation 

Deficiencies widespread 

Inability to absorb vitamin B 12 intake from 
vegetarian diets 

Not known 

Deficiencies in mainuthtion, total 

parenteral alimentation 

Deficiencies In Iran, Egypt in total 
parenteral nutrition, genetic diseases, 
traumatic stress 


Not known 

Deficiency end Wiccesa in areas of China; 
one case resulting from total parenteral 
aiimentation 

Aetociated with goutiike syndrome 

Oelioienoies widespread; excesstve 
intakes may ieadto thyrotoxioosis 


location phase, that is, diffusion'or 
transport of the element across the 
ceil membrane of the epithelial lin¬ 
ing; and (iii) the mobilisation phase, 
including mobilisation and transport 
of the intracellular elements into the 
blood stream or their sequestration 
back into the intestinal lumen. 

The chemical reactions during the 
intraiuminar phase are dominated by 
the pH of the luminal contents ana 
by the composition of the food enter- 
irig the stomach. Small anionic ele¬ 
ments such as fluorides, selenites, 
and iodides are not much influenced 
by either pH or dietary composition 
and are absorbed quite freely, where¬ 
as the cationic forms of the transition 
elements are highly dependent on 
both influences. These cations, while 
freely soluble in the acidic pH of the 
stomach contents, would form in¬ 
soluble hydroxides in the alkaline jfM 
of the intestines and become unavail¬ 
able for absorption unless protected 
by ligands that successfully compete 
with hydroxyl ions. Thus, the nature 
of the ligands that form coordination 
or chelate compounds with the ele¬ 
ments is an important determinant of 
bioavailability. Such coordinate com¬ 
pounds or chelates may be present in 
the diet and absorbed into tne epithe¬ 
lial cell unchanged, as is the case for 
the heme iron complex. Alternative¬ 
ly, they may be hydrolysed in the 
acidic milieu of the stomach and give 
way to new associations with dietary 
or secreted substances having greater 
affinity to the metal involvetT Amino 
acids and other organic acids and 
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Fig. 1 Part of the Periodic Table showing all elements accepted as essential(green). Red 
borders indicate unconfirmed reports of growth stimulation 


«kin and its apfiaiidices, iMid 
and breath also can become impor¬ 
tant in hot climates and. for sele¬ 
nium, during overexposure. These 
excretory routes, however, arc slight¬ 
ly or not at all subject to homeostatic 
regulation. Excessive intakes of these 
elements are effectively excreted by 
the kidney, whereas the homeostasis 
of mancanese is predominantly reg¬ 
ulated by control of excretion into 
the intestines. The physiological and 
biochemical mechanisms that govern 
homeostasis by regulation of excre¬ 
tion are not known but, with normal 
kidney function, protein-bound trace 
elements arc not removed and excre¬ 
tion is limited to small molecular 
species. 


sugars and their derivatives are ex¬ 
amples of important ligands. It is not 
known whether the metal complexes 
or chelates are absorbed intact or 
whether they are dissociated at the 
cell surface prior to the absorption of 
the metal. 

The second phase, translocation 
across the cell membrane, may be a 
simple diffusion for small anions but 
is the facilitated diffusion or active 
transport for most of the cationic ele¬ 
ments. Both of these two last 
mechanisms are saturable: the rela¬ 
tive rate of transport decreases with 
increasing concentration, and this is 
one important aspect of regulating 
absorption. For at least one mac¬ 
roelement, calcium, a direct hormon¬ 
al regulation of the active transport 
phase of intestinal absorption has 
oeen demonstrated; it is not known 
whether such regulation also deter¬ 
mines the active transport of the 
trace elements. 

The events within the intestinal 
epithelial cells are not well known in 
general, but specific mechanisms 
have been postulated for two trace 
elements, iron and zinc. These ele¬ 
ments, once absorbed into the cell, 
are bound to specific storage pro¬ 
teins, ferritin and metallothionein, 
respectively. Thus, depending on the 
relative concentration of these pro¬ 
teins and of the entering ions and on 
the equilibrium constants, a variable 
proportion of the absorbed elements 
remains free for further reactions 
that initiate mobilisation into the 
general circulation. If the concentra¬ 
tion of the binding proteins is rela¬ 
tively high, a greater proportion of 
the entering ions is bound, and a 
proportionally smaller part of the 
absorbed elements is available for 
transport into the circulation. As the 
epithelial cells are replaced by youn¬ 
ger cells and sequestered into the 
intestinal lumen, the storage proteins 
and the elements bound to them are 


lost to the organism and become part 
of the’intestinal content. It is known 
that the concentration of metal¬ 
lothionein in organs can be increased 
by administration of the trace ele¬ 
ments that they spccificaliy bind. On 
this basis, a feedback mechanism 
regulating zinc absorption has been 
postulated: increasing concentrations 
of zinc in the plasma stimulate in¬ 
creased metallothionein synthesis in 
the intestinal cells, which leads to a 
greater trapping of absorbed zinc and 
eventual loss by desquamation and a 
relative decrease of the functional 
supply to the organism. As the plas¬ 
ma zinc concentration declines, the 
stimulus for metallothionein syn¬ 
thesis diminishes, and the portion of 
absorbed zinc available for transport 
into the circulation is corresponding¬ 
ly increased. Mechanisms ot this na¬ 
ture may be the predominant regula¬ 
tors of homeostasis for iron, zinc, 
copper, and possibly other elements, 
for which regulation by urinary ex¬ 
cretion is relatively insignificant. 
The major routes of excretion of 
trace elements are intestines and 


Trace element deficiencies in 
men and enimels 

Much information about deficien¬ 
cy signs and their consequences has 
been amassed for animal species and 
man (Table 2). Here I describe only 
the present state of nutritional trace 
element research by discussing three 
elements that can serve as examples 
of three stages of progress: the first 
stage is based on iodine, the second on 
chromium and the third on silicon. 

Iodine. Although the first convinc¬ 
ing association between iodine and 
thyroid function was established 130 
years ago, sources of iodine, such as 
burnt sponges, were used for many 
centuries as an effective treatment 
for goitre. The only known function 
of iodine is as the active component 
of the thyroid hormones triiodothyr¬ 
onine and thyroxine. The mechanism 
of synthesis of these hormones is 
known. There is no understanding 
yet, however, of why the addition of 
three or four iodine molecules trans¬ 
forms a biologically inert compound, 
thyronine, into a powerful hormone 
that controls energy metabolism in 



Fig. 2 Dependence of bioioglcel function on tissue concentretion on intake of nutrient 








in /unfmmiv i^eit mental atti* 
tudes and inteRectual performance in 
man. In spite of the wide distribution 
of iodine throughout the organism, 
especially in the ovaries, no cx- 
(rathyroidal functions for this ele> 
ment have been established. Howev¬ 
er, iodine deficiency per sc, regard¬ 
less of thyroid function, is associated 
in experimental animals with dyspla¬ 
sia of the mammary gland that re¬ 
sponds to supplementation with in¬ 
organic iodine, but not with thyroid 
hormones. 

The iodine status of animals and 
man is strongly dependent on iodine 
Loncentrations in soil, water, and air. 
Although this environmental influ¬ 
ence is modified by interactions with 
goitrogens that interfere with the 
utilisation of iodine and by interac¬ 
tions with several trace elements, the 
worldwide maps of goitre incidence 
in populations are generally superinv 
posable on those delineating low 
iodine concentrations in soils. Public 
health measures .of increasing the 
iodine intake in deficient areas 
through fortification of tabic salt or 
bread have been effective, when 
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raised on purified diets that were 
complete with regard to all essential 
nutrients known at that time. The 




true jMentiator of the fiormooe 
Pronounced chromium deficiency 
produced in an environment that 
allows exclusion of trace element 
contamination resulted in a diabetes* 
like syndrome in rats, with fasting 
hyperglycemia, glycosuria, elevated 
serum cholesterol, and a high inct* 
dence of fat deposits in the aorta. 

Chromium deficiency in human 
subjects cannot yet be reliably di¬ 
agnosed by chromium analysis of 
body fluids or tissues. Its recognition 
depends on retrospective diawosis: 
insulin resistance, manifested by im¬ 
paired glucose tolerance in the pre¬ 
sence of normal or even elevated 
concentrations of insulin, that is nor¬ 
malised by supplementation with 
physiological amounts of chromium. 
Two carefully controlled clinical 
cases of total parenteral nutrition 
have been reported independently 
(the patients had been sustained 
cxciusively by administration of in¬ 
travenous fluids). Both patients de* 
veloped glucose intolerance, insulin 
resistance, and disorders of the cen¬ 
tral or peripheral nervous system, all 
of which were normalised after chro- 


properly designed and executed, as 
shown by the substantial reduction in 
goitre incidence in the “goitre belt" 
of the United States. Yet, iodine 
deficient remains a problem, affect¬ 
ing hundreds of millions of people 
worldwide. This may be due to insuf- 
ticient levels of iodisation of carrier 
substances that fail to furnish the 
estimated requirement of 75 to 150 
|ig/day, or it may be due to logistical 
ditticulties in developing countries or 
to food laws prohibiting the addition 
of iodine. 

I'hc nutritional importance of iron 
also has been studied for decades. 
Although iron and iodine differ in 
many aspects of nutrition, metabol¬ 
ism and deficiency, the following 
conclusions apply to both elements: 

1) Deficiency results in serious 
disease in man and animals; toxicity 
IS known for both but is not as great a 
health problem as deficiency. 

2) Deficiencies affect hundreds of 
millions of people, and geographical 
problem areas are known. Individual 
supplementation is effective in pre¬ 
venting deficiencies. Public health 
measures ot iodisation have been 
proved effective. Substantial reduc¬ 
tion of the goitre incidence is scien¬ 
tifically feasible; it depends on poli¬ 
tical decisions and economic con- 
s>»dcTations. 

Chromium. The essential function 
ol chromium for maintenance of nor- 
mal glucose tolerance in rats was 
established in 1959. This discovery 
was based on observations of im¬ 
paired glucose tolerance in rats 


impairment of glucose tolerance was 
prevented by certain feed ingre¬ 
dients, such as brewer’s yeast, and 
was cured by one dose of concen¬ 
trates from brewer’s yeast or kidney 
powder. After five years of purifica¬ 
tion and fractionation, the active 
ingredient was identified as trivalent 
chromium, which, in microgram 
quantities and in the form of certain 
inorganic complexes, prevented and 
cured the impairment of glucose tol¬ 
erance in the experimental animals. 
Inorganic chromium compounds, 
added in vitro to epididymal fat 
tissue of chromium-deficient rats and 
Krebs-Ringer phosphate medium 
containing glucose, stimulated glu¬ 
cose uptake from the medium, but 
only in the presence of insulin. Utili¬ 
sation of glucose for oxidation and 
fat synthesis was equally affected by 
chromium, as was the transport 
across the cell membranes ol n- 
galaclosc, a sugar that is not further 
metabolised within the fat cell 
These experiments suggested that 
chromium acted at the first step of 
sugar metabolism, cell transport, 
where insulin also exerts its primary 
action. Further studies in vitro and in 
vivo Jcmonstralcd that general in¬ 
sulin resistance was a consequence of 
chromium deficiency that could be 
prevented and cured by chromium 
administration. The fact that chro¬ 
mium is ineffective in the absence of 
insulin, and its demonstrated effect 
in vitro to increase the slope of the 
insulin dose response of chromium- 
deficient tissue, indicated that chro¬ 


mium, but not after insulin, adminis¬ 
tration. Chromium-responsive im¬ 
pairment of glucose tolerance has 
also been reported in a large propor¬ 
tion of malnourished children studied 
in Jordan, Nigeria, and Turkey, but 
not in Egypt. Studies in the United 
States on middle aged and elderly 
subjects with impaired glucose toler¬ 
ance generally cletected an improve¬ 
ment in one-third to one-half of the 
subjects, after chromium supplemen¬ 
tation. A series of more recent stu¬ 
dies demonstrated a significant re¬ 
duction of total serum cholesterol in 
human subjects who were sup¬ 
plemented cither with inorganic 
chromium or high-chromium brew¬ 
er’s yeast preparations. There was a 
strong lowering of the low-density 
lipoprotein cholesterol, with a simul¬ 
taneous increase of the high-density 
lipoprotein cholesterol. 

Tne daily human requirement for 
chromium has been estimated at 50 
to 2(K) pg. Without a reliable diagnos¬ 
tic test for chromium status, the 
incidence and severity of chromium 
deficiency cannot be evaluated. Yet, 
chromium deficiency can be impli¬ 
cated as a significant risk factor for 
cardiovascular disease on the basis 
of animal studies and epidemiologic¬ 
al as well as clinical correlations iir 
human subjects. 

Chromium was discussed in some 
detail as representative of the second 
stage of progress of trace element 
research, that is also representative 
for copper, zinc, and selenium. 
Although modes bf action and signs 
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'''of ^fkieiDCf dtefor imongiiiose 
meats, several nutritional aso^s are and kd&ie. 
common to all and can be discussed The nutritional and public health 
together. problems of the trace elements at the linking function at a fow, speci& 

1) Serious deficiencies in human second stage of research can be sites would still be compatible with 

subjects have been described; those summarised as follows: severe de- more recent analytical data. Finally, 

of zinc in Iran and of selenium in ficiencies can be recognised from silicon is specifically concentrated m 

China are of considerable public clinical signs and remedied. The the mitochondria of the bone- 

health im|K)rtance. The signs of defi- main nutritional problem in de- forming cells, the osteoblasts. Whil^ 

ciency are compatible with the veloped countries is the recognition in the whole cells calcium to silicon 

known mechanisms of action. of marginal deficiencies, definuion of ratios are approximately S to 1, the 

2) The daily requirement of hu- their consequences, and, if neces- silicon concentration within the 

mans can he estimated, and recom- sary, their prevention. mitochondria exceeds that of cal- 

mended allowances or ''estimated Silicon. Although silicon had been cium. 

ranges of safe and adequate intakes'’ known as a regular constituent of The silicon requirement of .man is 
have been established. biological materials since the begin- unknown and nutrient composition 

3) Although pronounced deficien- ning of the century, 90 years passed data for silicon are few ana unreli- 

cies in the tree-living population of between the prophecy of Louis Pas- able. Furthermore, it can be pre- 

the US are very rare, dietary surveys teur “effects of silicic acid are dcs- dieted that silicon will present many 

have shown that average intakes far tined to play a great and major role problenis of biological availability, 

below the recommendations for cop- in therapy” and the first demonstra- depending on dietary source. Despite 

G :r and zinc are quite common in .the lion that strongly suggested that sili- this lack of reliable nutritional infor- 

S population. Intakes of chromium con may have an essential biological mation a protective role of silicon 

and selenium range from adequate to function. E. M. Carlisle demons- against cardiovascular diseases has 

marginal, depending on country and trated by electron microprobc analy- been postulated, in part on the basis 

region. sis that silicon accumulates to con- of negative correlations between the 

4) The important question remains centrations of 0.5 per cent in a silicon content of water in Finland 

whether marginal deficiencies, diffi- narrow zone of ossification of bone, and the incidence of cardiovascular 

cult to diagnose for any of the four exceeding the concentration of cal- diseases, the substantial decline of 

elements, occur to any substantial cium by tenfold. In the more mature silicon concentrations in atheroma- 

degree and present a risk to the zones of hones with the beginning of tous aorta tissue, and the results of 

health of people. Valid experimental calcium deposition, the silicon con- animal e>meriments suggesting that 

data show that zinc is required not centration sharply decreases again. silicon, administered to animals on 

only for growth and development but Subsequently, proof of essentiality an atherogenic diet, helps preserve 

also for tissue repair ana immuno for silicon was independently estab- the structural integrity of the aorta, 

reactions and that selenium protects lished by two investigators in chicks Silicon was discussed as an exam- 
animals against chemically or vjrally and rats using similar methods. Their pie of trace elements in the third 

induced malignant tumours. Both findings were also similar: both spe- stage of research that also include 

chromium and copper influence rec- cies responded to supplementation vanadium, nickel, and arsenic. All 

ognised risk factors for cardiovascu- with sodium metasilicate(500ug/g in these elements were postulated to be 

lar disease in experimental animals, the diet) with a 30 to 50 per cent essential during the past decade. 

The question can be answered only growth stimulation and both de- their basic mechanisms of action 

by long-term, prospective studies of veloped severe bone deformities, have yet (o be defined, their deficicn- 

population groups that are at risk. particularly of the skull, when raised cics are difficult to induce, and their 

5) The adequacy of the dietary on the silicon-deficient diet. Silicon roles in human nutrition are un¬ 
intake is difficult to assess for all four supplementation, in addition to sti- known. A practical role in humans of 

elements because the biological mulattng growth, maintained normal any of these can neither be predicted 

availability of each differs among bone structure. Thus, silicon can be nor excluded. In the developed, in¬ 
foods and because the numerous considered an essential trace ele- dustrialiscd societies the exposure of 

interactions among the elements and ment. humans to trace elements from diet 

with other dietary components are The mechanism of action of silicon and environment has changed during 
difficult to quantify. For example, is not yet known, but three potential this century, and the change can be 

foods of animal origin are better sites of action have been su^ested expected to continue. Furthermore, 

sources of chromium and zinc than Silicon is present in high con- many of pur chronic diseases of 

food of vegetable origin; the opposite centrations in mucopolysacchar- major public health importance arc 

is true for selenium. Vitamin C en- ide-rich tissues, and a proportion of of unknown or of suspected multifac- 

hances the biological availability of the total amount of the element is torial origin, and theories on their 

iron, depresses that of copper and, in bound so tightly that it can be hyd- etiology are open to new ideas that 

vitro, renders selenium nearly totally rolyscd only by strong acid or alkali might involve any of the new trace 

unavailable. These and many addi- treatment. As the most pronounced elements. Such ideas, however, must 

tional interactions complicate the effect of experimental deficiency is a be based on knowledge of their basic 

task of assessing, even superficially, reduction of the glycosaminoglycans mechanisms and sites of action, of 

the adequacy of trace element in- in cartilage, a possible role ofsilicon human requirements for these elc* 

takes of individuals or population in these structures has been sug- ments, and on the definition of nutn- 

groups. They also point out the gested. Silicon also occurs in high tional status in man. 

danger of creating new imbalances by concentrations and in part firmly 

self-supplementation with vitamin or bound in cojlaren, and collagen con- director of the Beltsville Human 

trace element preparations. centrations in bone are depressed m Research Center, Science and 

6) No sensitive diagnostic assays silicon deficiency. An early hypoth- education Administration, US Department 

arc available to assess marginal nutri- csis of a general cross-linking func- of Agriculture. Beltaville, Maryland. This 

tional status for these four trace ele- tion of silicon in collagen on the basis somewhat abridged article first appeared 

ments, in contrast to the sensitive ofjpne atom ofsilicon per alpha chain in SC/ence Copyright ® 1981 AAAS 


silicon were erroneous, but a Inoss- 







A logical choice for analysts seeking extreme 
reliability. 

Junior Spectrophotometer GSSSSC 

e Wavelength range from 340 to 950 nm. 

# A grating monochromator. 

• Provision for using extended path length 
cuvettes upto 50 mm. 

e Useful for routine colorimetric work. 


The Ultraviolet and visible 
Spectrophotometer GS865C 

e Wavelength range between 200 to 650 rtm 
(extendable to 930 nm). 
e A high resolution grating monochromator, 
e Provisions for ^tended path length cuvettes 
upto 20 mm. 

e Useful for quality control of drugs and mixtures^ 
for educational and research purpose to 
study absorption spectra of chemicals. 


Digital pH Meter PH5651 

• pH range from 0 to 14 with ±0.01 accuracy 8t 
millivolt range from 0 to +1999 with + 1 mv 
accuracy. 

• High accuracy, fast response with LED display. 

• Supplied with combined electrode. 

• Useful for routine pH analysis. 


Mercury Analyser MA5800A 

Main Features: 

• Employs Xold Vapour Atomic Absorption’ 
technique. 

• Detects trace mercury in the range of 20 to 200 
nanograms. 

• Supplied with vapour generating system and 
magnetic stirrer. 

a Useful in trace mercury estimations and mercury 
pollution studies. 
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on ftid trills with a 
Hawkinsfpiessuie cooker 


lNirlliiwkii»|N9« 
fnr itself 
inthefintjear 

Solve your kerosene 
problem 

Kerosene is difficult to get and 
costs a lot. Therefore, every effort 
mi/st be made to use the minimum 
kerosene for cooking. Modern 
science has a solution. 

Scientific, comparative cooking 
trials with the Hawkins pressure 
cooker have proved that on an 
average it consumes 53% less 
kerosene than cooking in the 
ordinary way. Because cooking 
with Hawkins takes less than half 
the time of ordinary cooking, you 
get similar savings if you use any 
other fuel—gas, coal, wood or 
electricity. 

The best investment 

By using a Hawkins, an average 
family can save over half a litre of 
' kerosene per day. Saving on fuel 
alone would pay for your Hawkins 
in the first year itself. Since 
Hawkins is made to serve you for 
years and years, it. is the best 
investment you can make today. 

You need not worry if you have 
never used a pressure cooker 
before. Every Hawkins comes with 
a simple, illustrated 
instruction book, with 127 tested 
recces. The book is available in 
12 Indian languages. 



Save on maintenance 

Hawkins gives the least trouble. 

The Hawkins gasket and safety 
valve last longer than in ordinary 
pressure cookers. 

The special Hawkins design 
makes it accident-proof. Because 
the lid opens downwards into 
the pot instead of sideways, 
the lid cannot be opened even 
by mistake until the pressure 
inside falls to a perfectly safe 
level. The safety valve is under 
the handle bar so that when it 
operates the steam is deflected 
safely downwards. 

Free service 

Hawkins has a written guarantee 
for 5 years. All parts covered 
by the guarantee are replaced free. 
Hawkins service is always free. 
There are Hawkins Authorised 
Service Centres with factory- 
trained mechanics in 115 towns 
in India who provide prompt 
expert service. 

Ha^vkins*^ 


Invest in yonr family’s 
health 

You may not know it, but a 
Hawkins is also an investment in 
your family's health because it 
gives healthier food than ordinary 
cooking. Studies by the Central 
Food and Technological Research 
Institute show that certain 
nutritive elements, particularly 
vitamins and proteins, are better 
retained in pressure cooking. 

And Hawkins gives you more 
hygienic food because it cooks 
at 122°C, the temperature 
used for sterilisation. 

Nowadays, you cannot afford 
to be without a Hawkins pressure 
cooker. Buy a Hawkins at your 
nearest, most trusted dealer or 
write to the manufacturers. 
Pressure Cookers & Appliances 
Ltd., P.O. Box 1542, 

Bombay 400 001. 
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... how do people walk on fire? 


Wai KiNCi barclool on burning fire never 
fails u> evoke erics of awe and astonish¬ 
ment from the onlookers. And while the 
s|n?ctaiors gape at this marvel, the firc- 
vialker triumphantly walks across the 
embers, completely unaffected. Natural¬ 
ly. amongst, the majority of masses, this 
sale sojourn* is attributed to the religious 
faith of the fire-walker. Many view it as a 
miracle or a supernatural phenomenon. 

Practised widely in many parts of 
India. Sri Lanka and other South-east 
Asian counliics. one of the earliest re- 
pnris in scientific literature on burn-free 
hrc-walking is of IW, when a Kashmiri 
magician. Khuda Bux visited lingJand 
.mil gave demonsfrafions in the presence 
<»/ iini\CFsify teachers, irivestjgators and 
jjlnsicians. A professor took the lempcr- 
.iiiiic of his sole and an Oxford physician 
examined his feel just before a demonsira- 
non. The soles were observed to he very 
Lold degrees centigrade) and thick, 
kluida Bux washed his feet and soon after 
took loin stridesihroughlhefirc-bed. Mis 
led were found to be uninjured and free of 
hlisiers atier the demonstration. 

Ilowexer. a real breakihrough in ex¬ 
plaining the principle underlying the 
pi.It lice of walking on fire was made by 
!>r C arlo f'onscka ot the Department ot 
riixsiologv ol (’olombo Medical C’ollege. 
Sm I anka. The reason wh> people, dui- 
mc a (raditional liie-walking ritual,do not 
I Imho I hen led is because the duration of 
tout.Id •>! iheir fed with fire is short and 
ihe led iiie wet. cold and dirty, opines 
lii l onscka, Lxperimcnls were con- 
tludcci in his laboratory. Me recon¬ 
st meted a bed ot red hot cinders of the 
si/e used m vaiioiis places ol religious 
uoiship tor Ihe walking-on-fiic ccre- 
mnnx Me united religious heads, scien¬ 
tists and leadeis of public opinion and in 
I lieu piescncc asked five healthy adult 
me 11 m walk boldly across the 
liie Men from the audience were 
, also invited to come forw'ard and verify 
h>i themselves the iiuth of his statement. 

Di l onseka, after observing many 
hie-walking displays in Sri Lanka, mea- 
''iJied the dinietisions and the surfaee 
icMipeiatures of the fire-beds, the time 
I iken by each fire-walker to traverse the 
hic, the number of times the feel of the 
lire walkci came in contact with fire and 
the number of steps taken to traverse the 
hre bed. 

Mcnce, Dr. Fonseka worked out the 
irciual duration of contact of Ihe feet of 
tlic (iie-walker with the red hot embers 
while crossing the fire-bed. It ranged 
honi 0,2 second for the fastest to 0.6 
’second lor tlie slowest person. The aver¬ 


age was 0. J second* llie physical stimu¬ 
lus in fire-walking was 30(rC to 45(J"C; of 
heat and the responding tissue involved 
was the thick sole of the firc-w'utker*s 
foot. 

Normally, the skin surface temperature 
is lower than that of the deeper tissues. 
When a very hot object is applied to the 
skin and the duration of application is 
long. Its temperature rises. Heal now 
flows inwards from the skin surface to the 
deeper tissues, rai.sing the temperature of 
the latter, A burn results when the 
temperature reaches a critical level of 
about 50*r. A blister or a scald is formed 
when liquid plasma oozes out from the 
deeper tissues and collects under the 
burnt dead superficial layer of the skin. It 
is formed even when the burn i.s caused 
by hot gaseous steam,'contact of boiling 
liquid or a solid red hot piece of metal. 

A basic rule in physiology is that to be 
effective, a stimulus must act for a certain 
minimum duration of time, below which 
no response is produced no matter how 
strong the stimulus may he. In the case of 
traditional fire-walking,the stipulated re¬ 
sponse-rise in the temperature of the 
deeper tissues and consequent produc¬ 
tion of a burn—docs not occur because 
the application of the stimulus is shorter 
than the required critical duration. 

A practical application of this principle 
is seen among villagers when they lift a 
red hot burning charcoal with bare hands 
and put it on their smoking pipe. It is 
noticed that the villager docs not hold the 
hot cinder continuously but plays it all the 
time in his palm, so that the contact with 
the skin of the hand at no time exceeds 
more than I).3 second and thus no pain 
or burn is caused For the same reason a 
hit of heated metal can also be picked up 
with the same ease. But, one will not be 
able to dip his finger in a liquid, heated to 
the same temperature, without harm. 
Because, besides making a contact over u 
wider area, the liquid tends to cling on to 
the finger surface and heat it for a longer 
period 



Test by fire 


Most of the devotees who practise fire¬ 
walking are habitually barefooted, and . 
therefore have thick rough .soles. Moreov- : 
cr, just before the ceremonial act com- . 
menccs, the fire-walkers take a bath in a 
river or a pond and come to the site of 
fire-walking in wet clothes and with bare 
feet which get smeared with mud. These 
factors also play a part in protecting the 
body from injury while walking on fire. 
The mud acts as an insulator between the . 
sole and the fire just us a cloth, used to 
pick up u hot utensil from u stove, 
provides insulation between the fingers 
and the hot metal. Water dripping from 
the loin cloth also helps to cool down the 
rising temperature of the soles. 

Most of the fire-walkers are adult> and 
young children are rarely seen. Chil¬ 
dren's skin is tender and more vulnerable 
to burns than that of adults. But, the 
young ones make up their weakne.ss by 
walking fast, giving thereby les.s time for 
their soles to come in contact with fire* 

One other related performance, prac¬ 
tised commonly at places of entertain¬ 
ment, is the act of fire-swallowing. Here, 
a lighted ball of fire at the end of a wire, 
is held in the cavity of the mouth for a 
short period of time, without injury to the 
lining of the inner wall. Mow is this 
achieveil? Fire-swallowing has not been 
scientifically investiguted, but it is ob¬ 
vious that three factors play a part in 
protecting the tissue from injury. Firstly, 
the moisture of saliva, that is always 
present, helps to guard the oral mucous 
membrane. Also,the inert carbon dioxide 
in the expired air tries to extinguish or at 
least keep down the burning flume. 
Thirdly, the inner lining of the mouths of 
these men is comparatively rough due 
to repeated performances and heat 
exposures. 

Merc, one recalls the Biblical practice 
of testing a person's honesty by asking 
him to swear by touching the tip of his » 
tongue to a red hoi sword. The rationale 
hehiiid this ordeal was that fear would 
make a liar’.s mouth parched dry and his 
tongue would hum on touching the 
heated metal directly. But in a honest per¬ 
son, the thin moi.st layer of saliva would 
. protect him. 

Now, it is hoped that the readers will 
have no hesitation in partaking in a 
ceremony when they witness one next. 
They will also, to be doubly safe, follow 
faithfully all the traditional customs of 
coming to the site of fire-walking in a wet 
dripping loin cloth and with as much mud 
on their feet as possible! 

SHANKER RAO 

Or. Rao was formerly Professor of Physiol¬ 
ogy. Gandhi Medical College, Hyderabad 
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a top class product. 


BHEL is technologically advanced to produce Power Semiconductors—right from 
monocrystalline silicon. Which enables BHEL to totally control product parameters. 
And thus produce high quality Power Semiconductors. 


BHEL is the only manufacturer in 
the country equipped with the 
most sophisticated manufac¬ 
turing facilities to produce high 
power semiconductor diodes 
and thyristors, right from mono- 
crystalline silicon. With ratings as 
high as 2000A and 4000V. 

With such facilities at hand, only 
BHEL has the capacity to subject 
its power semiconductor devices 
to gruelling checks like: The 
Helium Leak Test, stability test, 
thermal resistance and innumer¬ 
able other checks. To ensure 
product standards of the highest 
quality. 

The range of BHEL Power 
Devices include inverter grade 
thyristors with turn-off time as low 
as 15 sec, converter grade thy¬ 
ristors and semiconductor 
diodes (or high power applica¬ 
tion These Power Devices are 
manufactured with know how 
from Siemens of West Germany 
-world leaders in the field. 



Phosphorus Diffusion Furnace 


BHEL's Power Semiconductor 
Devices are available in stud, flat 
pack, flat bottom and disc type 
housings 

For Power Semiconductors 
Devices ingrained with the 
highest quality and reliability- 
BHEL 


more than 
products—a 
total 

service for 
energy 


For details write to. 

Senior Manager - Commercial 

Bharat Haavy Bectricals Umltad 

Control Equipment Division 
Post Box 2606, Mysore Road 
Bangalore 560 026 
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Long-duration digital timer 


1'HE solid-state long duration multirange 
timer described below uses three inte¬ 
grated circuits. The first one is the ic 555, 
the linear type of integrated circuit. You 
are already quite familiar with this ic. 
having used it in piany projects which 
appeared in this column. The other two 
ICS are both CMOS digital ic 4017, which 
you have used in ^iC Frequency Stan¬ 
dard” (Science Today, June 1981, 
p. 59), 

You might first ask—what are digital 
circuits? This can be probably best 
answered by contrasting digital circuits 
with linear circuits. In a linear circuit, a 
continuous variable input signal gives rise 
to a continuous variable output in a 
desired manner, which is related to the 
input variable by some mathematical 
expression. In a digital circuit, the input 
and (output signals are assigned only two 
values: a so-called logic zero or low state, 
which is practically zero volt and a 
so-called logic pne or high state, which is 
often some defined positive voltage. The 
output of a digital element can, in gener¬ 
al, assume only one of these two levels in 


APPROXIMATE TIMINGS PROVIDED BY THE TIMER 


response to an input, or inputs, also 
having one of these two levels. The 
performance of a digital circuit for vol¬ 
tages in between these two levels is 
generally not required and thus not de¬ 
fined. 

The common types of digital integrated 
circuits arc rtl (resistor-transistor logic), 
DTL (diode-transistor logic), ttl (transis¬ 
tor-transistor logic), ECL (emitter- 
coupled logic) and cosmos— abbreviated 
CMOS (complementary-symmetry metal 
oxide semiconductor). Each of these 
types offers its own particular advan¬ 
tages, compared to the other types, but 
all except CMOS have the following 
common disadvantages: 1) high quiescent 
current, 2| regulated power supply re¬ 
quirement, 3) low input impedance of the 


order of a few hundred ohms, and 4) poor 
noise immunity. 

The CMOS digital integrated circuits, 
on the other hand, have the following 
unique properties:* 1) negligible quiescent 
current 2) they can be operated from a 
wide range of supply voltage; regulated 
pc>wer supply not necessary 3) exception¬ 
ally high input impedance of the order of 
a million megohms 4) high noise immun¬ 
ity 5) output can virtually .swing from zero 
to full positive voltage. 

To understand the operation of this 
multirange timer, the circuit can be divi¬ 
ded into three part.s. The right side of the 
circuit is the step-down transformer with 
rectifier filter to provide about 15V DC 
for the operation of the device. The 
centre part is the two-stage decade coun¬ 
ter-divider using two CMOS 4017 ics and a 
Darlington pair configuration to drive the 
relay. The left part of the circuit is an 


V TfMtNGDMDflAM 

aOCK J\AAAAAAA/VVrXAAr 

aSSm^ST' \ ;... 


MANGE 
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1 
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astable muttivibrator using ic 555. 

The IC 555, used as an astable, that is, 
tree-running multivibrator has its trigger 
terminal 2 connected .directly to the 
threshold terminal 6. Thus, to start with, 
the timing capacitor, selected by the 
selector switch, has no charge over it. This 
triggers the lower comparator which, 
through the control flip-flop and invert¬ 
ing amplifier, drives the output high and 
Simultaneously makes the discharging 
tiansistor 014 non-conductive. This 
causes the capacitor to charge through 
(he IK resistor and l(X)K time-set poten¬ 
tiometer. When the capacitor charges to 
2/3 Vcc, that is. the threshold level of the 
upper comparator, it resets the flip-flop, 
which in turn drives the output to its 
I normal low state and brings the discharg¬ 
ing transistor back to conduction. As the 
terminal No. 7 of the ic is now clamped 
to ground through the discharging tran¬ 
sistor, the timing capacitor, instead ot 
charging, starts discharging through the 
liKlK potentiometer. The voltage across 
the capacitor gradually falls down. When 
(he voltage falls to l/3rd Vcc level, the 
lower comparator gets triggered and once 
again changes the state of the output and 
discharging transistors. This causes the 
capacitor to charge again. This completes 
one cycle and initiates the next. 

The process continues, making the 
capacitoi charge and discharge to 2/3 Vcc 


and 1/3 Vcc levels, respectively. The repeti¬ 
tive high and low going output provided by 
this astable stage is fed to the clock input 
terminal of the CMOS decade counter- 
divider IC 4017. 

The first IC 4017 counts the number of 
pulses received and provides a single 
pulse, at its terminal No. H, for every 10 
pulses received at its clock input terminal 
No. 14. This divided-by-10 output pro¬ 
vided by the first IC 4017 is fed to the 
clock input terminal of the second ic 
4017. Thus, when the second ic 4017 
receives the ninth pulse, that is, when the 
astable multivibrator goes through 90 
astable operations, the terminal No. 11 
provides a high output. This high output 
drives the Darlington pair amplifier stage 
to energise the relay and simultaneously 
clumps the reset terminal of the ic 555 to 
ground, thus making the astable multivib¬ 
rator inoperative. 

The timing duration provided by the 
above airangcmcnt is equivalent to nine¬ 
ty cycles of astable operations of the first 
stage. When the timer goes through one 
operation, the next operation can be 
started by just pressing the reset push 
button. 

This timer provides time durations 
from about a second to four hours, fhe 
chart alongside the circuit diagram will 
explain the durations provided by each 
range. 


Ymi will need: 

Senuconduvtors 

Integrated circuits: ic 555 — 1 No-; 
IC 4017—2 Nos. 

I'ransistors: BC 107—2 Nos.; SL 100— 

1 No. 

Diode: BY 12.5—I No. 

Capacitors 

Ceramic or polyester: 0.01 mfd—1 
No. 

Flectrolytic: KKK) mfd - 12V—1 No.; 
250 mfd - 25V—1 No.; 100 mfd * 
12V-1 No.; 10 mfd - 12V— 1 No. , 
Resistors (all Vr watt type) 
lOK— 2 Nos.; IK- 5 Nos.; 10 ohmsr-1 i 
No. 

Potentiometer: lOOK wire-wound or car¬ 
bon linear—1 No. 

Switches: Normally open, pushbutton 
switch- 1 No.: C)ne pole, 3 way— 1 No.; ; 
On/Off switch—1 No. 

The approximate cost of the above elec¬ 
tronic components in Bombay market is 
Rs KM). 

Relay: 12V DC (Coil resistance more 
than 200 ohms) with two sets of ' 
changeover contacts. 

Transformer: Pri; 230V AC\ Sec: 12.6V ' 
AC at 100 mA—1 No. 

Misc. Mains cord, solder, wires, screws, l 
suitable enclosure, IC experimenter's 
veroboard, knobs, fuse 5()() mA with 
holdci. 

ANIL V. BORKAR 
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about careers and competitions 
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Career & Competition Times is 
a career counsellor, information 
manual and competition guide all 
rolled into one. A brilliant new 
concept in career journalism^the 
magazine will provide up-to-date 
career data alongwith the kind of 
in*depth. on-the-target information 
you can always use. And keep 
as a valuable reference tool for the 
future. 


REGULAR FEATURES 

0 Career counselling 

• Interview of the month 

• Personality aids , 

• Current events 

• Self employment 
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type multiple choice test papers 
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Don’t let a cold 
ruin your day. 



A cold can be relieved 

There js a way to relieve a runny nose 
or blocked nose, heavy head, sore throat and 
chest congestion—all those symptoms that can 
spoil the best of days. 

Fight it with a colds remedy 

It's not enough to treat it like you would treat 
any other ailment. Use a special colds medicine 
that works simultaneously on all affected aceas. 

Coldarin is only for colds 

Coldarin relieves all the symptoms 
that bring you down. It has special ingredients 
that act together against all cold-affected areas. 
Plus Vitamin C to build your resistance. 

When you have a cold, it makes sense 
to treat it like a cold. 
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/ AWARDS AND APP0INTMENI5 


INSA Awards 

THE Indian National Science Academy 
(insa) at its 47th Annual General Meet¬ 
ing at New Delhi last month announced 
the following awa#ds: 

The Srinivbsa Ramanujan Medal for 
1982 to Prof. S. Chowla, fna. Depart¬ 
ment of Mathematics. McAllister Build¬ 
ing, Pennsylvania State University, USA, 
for his outstanding contributions to 
Number theory; the Shanti Swarup 
Bhatnagar Medal (1982) to Prof. T, R. 
Anantharaman, FNA, Professor of Metal¬ 
lurgy, Banaras Hindu University, Var¬ 
anasi, for his outstanding contributions 
to physical metallurgy, especially in 
metallic glasses and similar areas; the 
Silver Jubilee Commemoration Medal 
(1982) to Dr. V. S. Mathur, Senior Sci¬ 
entist, Indian Agricultural Research 
Institute, New Delhi, for his outstanding 
contributions to improvement of wheat 
varieties with high yield potential and 
resistance to diseases; the Prof. T. R. 
Seshadri Seventieth Birthday Com¬ 
memoration Medal (1982) to Dr. Sukh 
Dev, FNA, Director, Malti-Chem 
Research Centre, Baroda. for his out- 
suinding contributions to chemistry and 
chemical technology; the Vishwakarma 
1 Medal (1982) to Dr. Nitya Nand, FNA, 


Director, Central Drug Research Inslj- 
luic. Lucknow, for his outstanding con¬ 
tributions io the development of indi¬ 
genous pharmaceutical industry. 

The INSA Endowment Lecture—Prof. 
K. Rangadhama Rao Memorial Lecture 
(1981) has been awarded to Prof. K. 
Narahari Rao of the Department of Phy¬ 
sics, Ohio State University, USA for his 
outstanding contributions in spec¬ 
troscopy. The Lecture will be delivered 
under the auspices of the INSA Local 
Chapter, Madras, at the Indian Institute 
of Technology, Madras, in December 
1981. 

The INSA Endowment Lecture (1981). 
endowed by Dr. G. P. Chatterjee and 
Mrs. Siiniti Chatterjee, has been 
awarded to Prof. S. C. Bhattacharyya, 
FNA, Director, Bose Institute, Calcutta, 
lor his outstanding contiibutions in 
organic chemistry. 

K. S. Krishnan Memorial Lacturaahip 

The: Kariamanikkam Srinivasa Krishnan 
Memorial Lectureship (1981) has been 
awarded to Prof. Devendra Lai, Director 
of the Physical Research Laboratory, 
Ahmcdabad. 

Instituted by the insa in 1965 in mem¬ 
ory ot the late Dr. K. S. Krishnan, a Dis¬ 
tinguished Scientist and Fellow ot the 


Academy, the Lectureship is awarded to 
an eminent scientist for outstanding con¬ 
tributions to any branch of natural sci¬ 
ence coming within the purview of the 
Academy. The Lectureship is awarded 
every six years and carries a cash award 
of Rs. 1,000. 

The award to Prof. LaJ i$ in recognition 
of his outstanding contribution to 
isotopic composition of elements as 
induced by cosmic radiations and studies 
on meteorite and lunar samples. 

CFTRI Director 

Mr. S. K.Majumder, Deputy Director of 
the Central Food lechnological 
Research Institute, Mysore, has taken 
over as Director from Mr. C. P. Natara- 
jan, who has retired. 

Hari Om Ashram Trust Award 

The following scientists have been 
selected by the University Grants Com¬ 
mission for the Hari Om Ashram Trust 
Awards for 1977 and 1978: Prof. R. B. 
Srikantam, Dr. V. G. Bhide, Dr. L. K. 
Dorai.swamy, Dr. M. K. Vainu Bappu, 
Prof. M. S. Narasimhan, Prof. V. S. R. 
Rao, Prof. A. N. Radhakrishna, Dr. S. 
Sriramachari and Prol. K. Ramachan- 
dran. 

The awards carry a cash prize of Rs. 
10,000 each. 


A major breakthrough in 
indigenous rotary pump 
technology... 



■ Comprehensive range-* 2.9 to 
61.2 m^h-* 

■ High quality and assured 
performance 

■ Reliable system protection 
devices 

■ Advanced oil lubrication system 

■ Easy maintenance 

■ Efficient service back-up 


ROTARY VACUUM PUMPS 

with integral oil 
anti-suck back device 


For further details contact: 

76, Janpath, New Delhi 110001 
Technical Development 6 Vacuum Centre. Hyderabad 
Branches : Bombay • Bangalore • Calcutta • Delhi 
• Madras • Secunderabad. 
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OSCILLOSCOPES 

specially designed for high input sensitivity, 
Meitron all-solid state Oscilloscopes guarantee 
accurate measurements. Rugged, dependable and 
very versatile, these instruments come in a wide 
range for every possible application. 

Available in four models—single and double 
beam, dual trace and portable—covering band- 
widths up to 2S MHz. 


Important Specifications 

1. IE 54 

a) Large display area 8X10 cms b) 5 mV/dtv sensitivity 
c) X 5 rimes Horizontal Magnification d) HF Rej iiiggei 
coupling mode 

2 . IE 189 Dual trace special scope 

a) 4 KV PDAdOkv PDA on special request) b) Large display 
area 8X10 cms c) DC. AC. HF Rej. LF Rej trigger coupling 
facilities d) Light indications (LED) when sweep as well as 
amplitude in UNCAL position e) Fastest sweep speed 40 
nsec/div 

}. IE 234 Double Beam Scope 

a) 10 KV POAb) Large display area 8X10 cm with 100% 
overlap, c) 2mV/div sensitivity with X5 rimes vertical 
magnification 

New models will be available in two months time. 

1. IE 36 15 MHz DT with built-in 5 digit Itequency indicator 

2. IE 6315 MHz DT oscilloscope 


(uEOVn -pwar/af cba eA«//lsa|w of totoorrow. 

Manufactured by: International Elaetronloa 
Marketed by; 

Maharashtra Electronics Corporation Limited | 

Ploi No. 214. Backbay Raclamaiion, Rahaja Contra, 13th floor. Nai)man Point, Bombay 400021, ^ 

Tal: 240S38 Talax: 011 -0817 ME Cabla: MELTRON < 

7A Hansalaya. 15, Barakhamba Road. Naw CMhi 110001. Tal; 40641 Talax: 031 -2815 MEIN j 

55. Rama Nivat. 10th Doaa.Wast of Chord Road, HStaoe, Bangalore 880010. Tel: 80772. ^ 
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SLIT LAiifP 110 

The Slit Lamp la a atandard ijiatrumcnt of the 
Ophthalmologlata for examination of the anterior eye 
segment. 

MagnlficaUon la adjuatable In flve atepa ranging from 
fix to JiOx. Adjuatable eyeplecea enaure the focul 
planea to be conatant at all magnlflcatlona. 

The aource of Ught la a halogen lamp (80W) of high 
luminance. There la a conatant obaervaUon brightneas 
for all magnlflcatlona. 

The Slit Lamp la alao provided with Applanation 
lonometer for meaaurlng the intra-ocular preaaur^ 
(measuring range 0 ... 100 mm/Hh). 

SURGERY MICROSCOPE 818 

The mlcroBcope la uaed primarily for routine 
examinations and microsurgery for ENT surgery. 

It also finds wide applications In neurosurgery, 
plastic surgery, dermatology, forensic medicine etc. 

Magnification range fix to fiOx. 

Oar range of ophthalmic medical Inatrumcnta 
Include: 

Fundus Cameras, Ophthalmoacopea, 
Fbotoco^latora. Sltt Lamps, Camera SUt Lamps, 
Microacopea, Ophthalmometers 
(Kcratometers), Coin cldencc Re fractionom ctcrs, 
Vertex Refraettonometers (Lensometers), 
spherical Perimeters, Tonometera, Colposcopes. 
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India, Nepal, Bhutan and Srt Lanka. 

C«mrt ChambetB, 85, Sir V. Thackeney Mar; 


Telex: 011.8065. 

* Calcutta • Madras • Baroda 


MEEIINS5 CALENDAR 


Dacnmbnr 

2*9: Theory of programming and design uf algorithms, 
workshop on foundations of software technology, Indian 
Institute of Science. Bangalore (Dr. R. K. Shyamsundar, 
NC-SDCT, Tuta Institute of Fundamental Research, Homi 
Bhubha Road, Bombay 4(X) (K)5) 

17-19: Seed physiology and biochemistry, national sympo¬ 
sium. Lucknow University, Lucknow (Dr. P. K. Agrawal, 
Convenor, Symposium on Seed Physiology and Biochemistry, 
Division of Seed Technology, Indian Agricultural Research 
Institute. New Delhi 110 012) 

21-23: Mass spectrometry—progress in research applications 
and in.strumcnlation, national symp., BAKr. Bombay, India ($. 
Krishnan. Sec., symposium committee. Heavy water divn., 
Engg. Hall No. 2, barc. Trombay. Bombay 400 085) 

21- 24: Rehabilitation of structures, int.symp., Indian Institutes 
of Technology, Bombay (Mr. R.N. Raikar. Hon secretary, 
Maharashtra India Chapter of Concrete Institute, l(K)8/9, 
Raheja Centre, Nariman Point, Bombay 400 021) 

22- 24: Physics of semiconductors, seminar, BARC, Bombay 
(Dr.S.Guha, Tata Institute of Fundamental Research, 
Bombay 400 005) 

27- 30: Quality and reliability,national conf., Indian Institute of 
Technology, Bombay (Prof. M.N. Gupalan, Organising sec¬ 
retary, National conference on quality and reliability-1981, 
Department of Mathematics, Indian Institute of Technology, 
Powai, Bombay 400 076) 

28- 1: Silver jubilee physics symposium, BARC. Trombay, 
Bombay (C\ I.. Thapar. Convenor, Silver Jubilee Physics 
Symposium, Room No. 45, ciRUs. barc. Trombay, Bombay 
4(K) 085) 

28 Dec.—2 Jan.: Teaching of quantum mechanics including its 
philosophical implications, regional conference, Delhi Univer¬ 
sity, Delhi. (Prof. L. S. Kothari and Prof. A. N. Mitra, Dept, 
of Phvsics, Delhi University. Delhi 110 (M)7) 

29- 30: Microwaves and communication, int. symp., HT, 
I Khaiagpur, India (Prof. B. Chatterjee, Chairman, Organising 
j committee. International symposium on microwaves and com- 
I munication, Department of Electrical and Communication 

Engmcering. Indian Institute of Technology, Kharagpur 
721302 West Bengal) 

January 1982 

IETF: The Institution of Electronics and I'eiccommunicution 
Engineers) annual general meeting, teehnieal eonvention and 
exhibition. Delhi. India (lETE, 2. Institutional Area, Lodi 
Road, New Delhi 110 (K).^). (Dates not intimated) 

(8 days): International seienee exhihition for children orga¬ 
nised by All India Science Teachers’ Association, New Delhi, 
India (Prof. U. N. Wanehoo, Chairman. All India Science 
I'eacheis’ Association. A-.55 Ashok Vihar-11, Delhi 110 052) 
(Dates not intimated) 

6-8: C ellular control mechanisms, symposium, barc. Bombay 
(Dr. G. P. Phon'dke, Head, KBOit Section. Medical Division, 
Bhahha Atomic Research ( entre, Bombay 400 085) 

8-15: Nutrition and the development of the ehild, int. 
workshop. Baroda (Department of Bioehemistry, M.S. link 
xersiiy. Barixlu). 

11-14: Baryon non-eonservation, int. colloquium. llf-R. Bom¬ 
bay (Dr. V. S. Narasimhain, Tata Institute of Fundamental 
Research. Bombay 4(K) (K)5) 

17-22: Indian .standards. 19th convention, Madras (J. K. 
Bhnvnani. Organising Secretary, Nineteenth Indian Standards 
C\)nvetition. Manak Bhuvan. 9 Bahadur Shah Zafar Marg. 
New Delhi 110 (K)2) 
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Compound tye of a Mosquito 


A C:ARi. ZEISS INSTRIMHN I 
CAN PUT YOUR OBJECT IN lOCUS. 


From the macro world of distant 
galaxies to the micro world of viruses 
and bacteria Carl Zeiss instruments 
probe the universe through the 
optical window A spectrum that 
spans spectroscopy, microscopy/ 
metrology, micro electronics, 
photogrammetry- survey, astronomy, 
medical science, microfilming, optics, 
planetaria, ophthalmology 

Available In India through our sole 
selling agents : 

• Astronomical Instruments, 


Planetaria Microscopies Medical 
& Oph thalrnologica! instr unieoT'i. 

In struments for Foginoeung 
Metrology, Microfilrusng Fquipment, 
Photogrammetnc InsU uroerUs, 
Analytical Insti urneuTs Surveying 
Instruments. 

• Measuring If’istrumeni s, MicrOicwMer s. 
Dial Gauging To',)!s and ott-er 
Testing tguipmenr . 








The latest 
multi-purpose 


'Audio-Visual System 
ArS-40 from CEL 



iNT/CEL-2/80 




Whatever be your subject: Let AVS 40 do the Job. Once 
programmed, it is automatic. Only switch on mid be free. 

Very effective for Advertising & l^es Promotion, 

Education, Seminars & Conferences, Industry, Trade & 

Administration, Associations & Clubs etc. etc. 

Developed in collaboration with CEERl. Pilani. Project Sponsored by DST 
For further details write to: Marketing Group OSD) 

CENTRAL ELECTRONICS UMITED 

A Government of India (Deptt. of Science & Tedmology) Enterprise 

Sahibabad-201 010 (U.P.) Tel; 202192, 201071 

Gnm CELFERCORE-GHAZIABAD Telex: 0S92-203 CEL. IND. 









































































































































...the carbon nucleus were 
slightly different i- 


During the niid-1950s a Cambridge 
theoretician walked into Caltechs Kei< 
logg Radiation Laboratory saying “Look 
for an excited state of the carbon nuc¬ 
leus''. Although he gave some indication 
of the energy level at which he expected 
to find this state, the first reaction of the 
hard headed experimentalists was to 
throw this crazy Fnglishman out. Never¬ 
theless, one physicist took the suggestion 
seriously and looked for the excited state 
and he found It. The Englishman was 
Fred Hoyle and the Kellogg physicist was 
William Fowler and this encounter was 
the beginning of their long partnership 
which led to many interesting results in 
astrophysics. 

'What prompted Hoyle to come up with 
the above prediction about the carbon 
nucleus? Hoyle's reasoning was simple 
yet far reaching; for it led to the conclu¬ 
sion that if such an excited state of the 
carbon nucleus did not exist, life as wc 
know' it would not be possible in the 
universe! 

Why is u small detail in the construc¬ 
tion of a particular nucleus so imtx^rtant 
to our existence? To understand the 
answer to this question we have to go 
back to the problem of the origin of 
elements. The smallest unit in which an 
element occurs in nature is the atom 
which consists of the cential nucleus 
carrying positively charged particles, the 
protons and electrically uncharged parti¬ 
cles called the neutrons (Fig. 1), sur¬ 
rounded by a host of negatively charged 
particles called electrons orbiting the 
nucleus. How the protons and neutrons 
arc distributed within the nucleus deter¬ 
mines its energy level. I'hc nucleus is 
usually in the state of lowest energy level 
called the ground state, while it can also 
exist in states of higher energy called the 
excited states. The key to the understand¬ 
ing of the origin of elements lies in 
knowing how nuclei are formed and with 
what energies. 

Astrophysicists believe that the uni¬ 
verse began with only hydrogen, the 
simplest element, and that the heavier 
elements were built up progressively 
through the process of thermonuclear 
fusion. The fusion process consi.sts of 
adding protons or neutrons or even whole 
nuclei to an existing nucleus to make it 
into a bigger one. The hydrogen nucleus 
has only one proton and no neutron. By 
bringing four such nuclei together in u 
fusion process a nucleus of helium is 
formed. This change is shown symbolical¬ 
ly by the following: 

4H' ^ Hc^ 




Hydrogen 



© © © 

I © • 


0 Proton 0 Neutron 

(The superscript on top ot the element 
symbol denotes the total number ol 
particles in the nucleus; the helium nuc¬ 
leus has four particles, two protons and 
tw'o neutrons.) 

Fusion processes require high tempera¬ 
ture and pressure which are typically 
found m the deep interiors of stars. The 
Sun for example, is currently processing 
hydrogen into helium. In this process lot 
of energy is released which is responsible 
for keeping the Sun shining. 

It is found that the helium nucleus is a 
stable unit and it is useful as a building 
block towards the fusion of heavier nuc¬ 
lei. Thus from a carbon nucleus (C ) we 
can produce an oxygen nucleus (C' ) by 
adding one He': 

He' -► O" 

By successive addition of H^.' we can 
similarly produce heavier nuclei like 
Neon (Ne*"), Magnesium (Mg'‘), Silicon 
(Si*'') and so on. 

However, nuclear astrophysicists faced 
a severe difficulty right in the beginning. 
The above process should start off by 
bringing two He' nuclei together: 

He' + He' Be" 

The resulting nucleus of beryllium is, 
however, unstable. As soon as it is 
formed it breaks apart into the two 
helium nuclei. 

This is where we encounter our first 
“if. What would have happened if Be" 
were a stable nucleus? If Be" were stable, 
all helium in the star would have been 
consumed rapidly in the above reaction 
and in the following reactions building 
bigger nuclei: 

However, the rapidity with which energy 


is released in such reactions would have 
made the star explode as a supernova 
long before the above chain progres.sed 
very far! in fact iloyie calculated that the 
process would terminate in stellar explo¬ 
sion by the time carbon was formed. Thus 
the universe would have had vast quanti¬ 
ties i>f carbon, but very little of the 
heavier elements. Elements like sulphur, 
silicon, iron, etc would have not existed. 
The Sun would have had u massive 
graphite planet very close to it, in the 
place now occupied by Mercury. 

Blit Be" is unstable! So how do we start 
the chain of nuclei building? Hoyle calcu¬ 
lated that if we cannot use Be" as the 
stepping stone towards higher nuclei, we 
can simply bypass it by trying lo build O' 
by bringing three He* nuclei together: 

However, bringing three nuclei (instead 
of two) together is not easy and the 
process described above would have a 
low probability of happening. Again. 
Hoyle was faced with the result that vei\ 
little carbon would he produced unless. , 
Unless a resonant reaction is possible. In 
a resonant reaction the energy <»f (he 
product nucleus is slightly more than tin 
energy of each component nucleus when ai 
rest. Resonance is a phenomenon which 
occuTs elsewhere in physics. If a vihratini: 
system is suh)ectcd to a periodic foicc 
w’hose ficquency matches the natuiai 
frequcncs ot the system, the system 
responds hv vibrating with very large 
amplitude, lo avoiii such large resonant 
vibrations and consequent damage sol 
diers marching across ,i suspension budge 
are ailvised to break .steps (St ii i 
Today December 1980 p. 16). It a 
resonant reaction occurs between helium 
and carbtin, it would proceed very tasi 
and would compensate for the fact that 
the chance of three He' coming togethei 
is small. 

f'or such a resonant reaction to otcnr 
the carbon nucleus must have an energy 
level at the appropriate place. Hoyle s 
calculations suggested that an e.xcitcJ 
state carbon will be required. If such :i 
slate did not exist, very little carbon 
would be produced, still less oxygen and 
hence there would be no life as we know 
it. But, as we saw in the beginning this it" 
also is avoided. An appropriate excited 
stale ol C- docs exist! 

As a postscript Hoyle mentions that no 
such excited state exists for Fdi, it 
did. the Universe would have produced 
mostly oxygen and no carbon, thus agmn 
jeopardising life! These arguments show' 
how little things (apparently!) seem lo 
mutter a good deal in the overall scheme 
of the universe. 

JAYANT V. NARLIKAR 
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LETTER5 


THE DELHI IRON PILLAR 


In “C'ultural Contours of 
Iron in Ancient India” 
(Scptcmbci IVSI), B V. 
Subbarayappa explains that 
the excellent corrosion 
resistance of the Delhi iron 
pillar is due to its large 
phosphorus content and near 
absence of sulphur and 
manganese. While I am 
nearly in agreement with the 
author on this aspect, I do 
not know of any forging 
technique which will give a 
protective magnetite coating 
on iron. 

Recent studies on 
irori'based amorphous alloys 
("When Metals Turn 
Cilassy”, May 1981) which 
contain proportions of 
phosphorus and carb<n] 
have show'n that 
phosphorus-carbon imparts 
good corrosion resistance to 
the alloy, provided some 
protective element like 
chromium or molybdenum is 
also present. Interestingly, 
manganese, in small 
quantities, increases the 
corrosion of these alloys. 



Phosphorus induces fast 
dissolution of the alloy in 
aggressive environments, 
leading to an enrichment of 
the protective element— 
like chromium and 
molybdenum~at the metal 
surface and the rapid 
formation of a highly 
protective passive layer. The 
good corrosion resistance of 
such alloys is thus attributed 
to the presence of an 
amorphous surface film 
which contains up to 95 per 
cent of Irivalent chromium 
ions. These findings raise the 
following questions 


regarding the corrosion 
resistance of the Delhi pillar. 
Does the pillar contain any 
protective element like 
chromium, miilybdenum or 
titanium? Is the surface film 
on the pillar a magnetic iron 
oxide or an amorphous film 
containing a protective 
species? Is it possible that the 
pillar, before installation, 
was given a pretreatment in 
which it was allowed to 
corrode fast in a moist 
atmosphere or in an aqueous 
medium so that the 
protective surface film was 
formed? 

I feel that the first two 
questions can be answered 
bya careful analysis of the 
surface film on the pillar. 
Modern surface analysis 
techniques like isi A/Auger 
(available at Delhi) can be 
used to gel the exact 
chemical composition as well 
as the ty[)c ot bonding 
existing at the surface. 

T. K. G. NANmOODIlIRl 
Reader m Physical 
Metallurgy 
Dept, ot Metallurgical 
Lngineei mg 

Banaras Hindu lliiivcrsity 
Varanasi 221 ()t)5 

Di Subb.naViipp.i \^ nle^ 
Aci(H(lin\> tit the several 
f /mun til n'fntrial in 

the NMl Icchnical .lounial 
(5, /. theftillut (Uh’s 

not ettnuiin i hroniiiun, 
nutlvhdennm ot ttfunium 
lhi\ sfteemi iwne on the 
Delhi iron jnUnr Ipnhhshetl 
h\ the \niioniil MetiiHiii\iu nl 
/Aihornl<tr \. Jiunshedpiir) 
also has references to the 
effect that lij the scale on the 
pillar has approximately SO 
per cent of an oxide of iron 
having the properties of the 
solid solution phase mixture 
of teO and he^Oj. and hi I 
rust seraptnffs and stales have 
mat>netic portion varvini^ 
frttm SO per cent to 65.5 per 
cent. 

Hesides these. \ anous 
aspects of the anritsion 
resistance of the pillar have 


been dealt with in this 
journal. All this is not to 
sufiftest that the problem of 
corrosion resistance of the 
pillar has been solved 
satisfactorily. There are 
diverficnt views expressed 
even in the above louinal. 
And snu e there is the need I** 
rC’asses’s the phenomenon, if 
would he fiood if 
Dr. Namboodhiri and Ins 
cfdleaf^nes at ton come 
forward and investi}»afe it. 

THE SCRIPTURES OR 
CORRUPTION? 

Mr r N IlAKsAK(Letters. 
Septembei 1981 ) has entirely 
missed the mam point m mv 
letter (June 1981 ) that the 
regal d lor sen pi u res need 
in^l iome m the wax ol one s 
attainments and progress. 

I hat was my mam purpose m 
mentioning fieorge 
Siidarshan. ()ppenheimer 
and the I-tench and (ierman 
scientists 

Hie reasons loi our 
baekwaidness lodax .iie 
uiuloiibieillx the rampant 
eorrupin)ti, nepotism, gieed 
lor pelf and powe* (even m 
oui seienlifie iiisiitiiiionsi. 
and the laulty. lopsided 
plamiine xxhich h.is not (ink 
tailed to eheek the 
population explosion, 
unemployment. illiteiaev 
and eneigy-t.imine. hut is 
also eausing w idespicail an 
and xvaU I pollution, 
denmkilion of fewests. 
eerdogieal disasteis, etc. 
Ignoting all these lactois (I 
piesume that Mi. llaksai 
does not aimbule these to 
om scripliiies) and singling 
out oiii seriptures for blame 
IS being oxei-simplistie in 
one's diagnosis. 

r. M. S. RA(J 
Baiajwadi 
Bombas 401) 054 

Al I not (ill Mr. I Liksai xxas 
not at ail wrong in blaming 
the senptiiies, he eould have 
pretci red om polilieians for 
easijgation. It is their 
aelivities. from the level of 
the parts worker to the 
cabinet member, that have 
far-reaching elfects on public 
life and aie mamk 


responsible for the 
backwardness of our 
country. 

K. J. ShBASTIAN 
Ors. No. B—99 
Sector 14. Rourkela 



ANDROSTENOL AND SEX 
AROUSAL 

I'l IS rathci incorrect to say 
that androstenol is (ound 
only in males and serves as 
sex-allraetani ftn wtiincn 
(Scent signals in humans”, 
January. 1981, p .So) 
because Arm T. Kingsbury 
andB. W. 1. Brooksbank 
of the Institute ot .Neurology, 
London, identified this 
pheromone in the axillary 
sweat of both sexes and 
noted Its higher 
concentration in women 
(Hormone Research 9 254, 
1978). Several investigators 
claim that it elicits sex 
arousal in men as 
well as in women 
However, Patricia A. 
McCollough, John W. Owen 
and Ldward I Poliak of the 
West C'hester Stale College. 
Pennsylvania, in a current 
research on the problem, 
have observed that the 
male's sexual scores 
exceeded the female’s after 
smelling the compound 
(Ethology and Sociobioloffy, 
in press). 

A. K. PANDLV 
Department of Zoology 
University of Gorakhpui 
Gorakhpur 273 tK)l 







VIEWPOINT 


Science fiction films: How 


assessment of some of the better-known science fictton 
films, old and new. 


much science? How much 
fiction? 

W HAT purpose does fiction serve? Howsoever we 
may wish to glorify fiction by saying that it is 
supposed to be thought-provoking, that it has a worldy 
moral or that it carries a profound message, the fact 
remains that it is basically meant to provide diversion 
to the human mind. Folk tales, fairy stories, mythologic¬ 
al sagas served this purpose in the past. To these were 
added historical novels and adventure yarns. In the 
twentieth century, in the so-called age of science, the list 
has been further augmented by the addition of science 
fiction. 

“The Message of Science Fiction: Prophetic or 
Profane?*’ was the topic of a public discussion held in 
1975 at the California Institute of Technology i)ctween 
Ray Bradbury and Fred Hoyle. I recall that both 
speakers agreed on what constitutes good science fiction 
and what is bad science fiction. They did not agree so 
much on how successful science fiction had been (and 
was likely to be) as a guiding light to society. Bradbury 
took the optimistic view and Hoyle the pessimistic. 

Bradbury was of course highlighting good science 
fiction and extolling how succesMul it had been in 
“seeing the future” while Hoyle was bemoaning the fact 
that th« bulk of science fiction was bad or trivial and yet 
commercially successful. Although the discussion related 
to science fiction literature, many of the points apply, 
with even greater force, to science fiction in the visual 
form. 

With the advent of the cinema and later the 
television, science fiction found visual expression. As in 
literature, here also the main criterion of success has 
been how well the piece in question could amuse, divert 
and attract the viewer's mind. To put it more bluntly, the 
measure of success of a science fiction film or a TV series 
is expressed in terms of the box office, audience rating, 
advertising revenue, etc. It is against this background 
that we should assess science fiction films. 

No doubt, the richness of the fare-served and its 
obvious popularity is impressive. Starting from movies 
based on such classics as The War of the Worlds (H. G. 
Wells), Journey to the Centre of the Earth (Jufes Verne) 
The Lost Continent (Conon Doyle) to modern works like 
Star Wars and The Andromeda Strain we have serials 
like Dr. Who which has been running for over two 
decades with the fourth actor recently stepping into the 
role of Dr: Who. There are also TV series like 
Star Trek with many adventure involving the same set of 
characters. Judging by the successes enjoyed by these 
creations, we get the first impression that science fiction 
has really caught on. Bui... just how much science is 
there in these works? 

To the popular mind, science fiction is computers 
with flashing consols, scientists in white coats or other 
distinctive apparel, space ships to and from the ‘outer 
space, astronauts in gas masks, strange weapons of 
destruction and, of course, those sinister aliens. Is this 
real science fiction? If not, what is? Where docs one 
draw the line between futuristic predictions of how 
science will shape society and vice versa and someone’s 
whimsical fantasies? Personal assessments would var>' 
even among scientists. Anyway, here I give my own 


Let us first consider movies which are good, clean 
family entertainment in which special effects predomin¬ 
ate and which contain all the above ingredients in plenty. 
Star Wars and its sequel The Empire Strikes Back are 
examples of this kind. These are not science fiction. 
Rather, these two, in particular, are old westerns in a 
new garb, horses replaced by strange beasts, stage 
coaches Iw space ships, the baddies by sinister aliens and 
so on... One wonders whether supercivilisations which 
draw energy from stars and engage in interstellar travel 
would be subject to the same emotional stresses as we 
mortals are! Can we travel faster than light? Why do 
space ships supposedly travelling under zero gravjtv 
environment bank and fall as they manoeuvre throum 
space? Why are their computers so bulky when in the 
last two decades we have seen them grow more and more 
comptket? Never mind. Dismiss such scientific doubts 
and enjoy the him. Do not delude yourselt that you are 
watching science fiction. 

Science fiction end fantesy 

Turning to the other extreme, let us look at 2001: A 
Space Odyssey and Zardoz. Both are remarkable fof 
their special effects, those in 2001 being more impress¬ 
ive. Both are examples of science fiction which takes us 
beyond our immediate past and future and which makes 
us pause and ponder. 

2001 portrays the evolution of man from the wild 
killer ape to the present ‘civilised’ state and also looks 
towards his fantastic future (symbolised by ‘angels’). A 
monolith of dimensions in the ratio V: 2': 3’ (suggestive 
of a Pythagorean concept of perfection?) plays the key 
role in elevating man from the ape to higher echelons of 
life. The haunting tunc from the slab, shrill but musical, 
was borrowed by the BBC as a signature tune for its 
telecasts of the Apollo IJ moon-landing mission. One 
wonders whether a pop or a rock-based tune would have 
come out as profound. 7'he special effects too were 
impressive, especially the astronauts moving about 
inside (and outside) the space ship under zero gravity. 
The ‘rebirth’ sequence towards the end is also very 
impressive although it is more a fantasy than science. 

By comparison, Zardoz has more fantasy. It portrays 
the evil of immortality. Set in the year AD 
2293, it describes a small elite ^ 9 up which lives in a 
‘vortex’ apart from the underprivileged ‘brutals’. The 
former have achieved effective immortality since their 
scientists managed to leave the key to their death in the 
central tabernacle with many safeguards to prevent 
access. Ihe brutals have a chosen few—chosen by their 
god Zardoz—who exterminate the rest under command 
from him. ‘Zardoz’, a deformation of Baum’s Wizard of 
Oz, is like the old wizard—a humbug not really 
possessed of superpowers. He is in fact from the vortex 
and his secret is discovered by ‘Zed’, a more than curious 
brutal. Zed enters the large rock head of Zardoz, kills 
the god and comes to the vortex. He is subjected to 
scientific analysis there but in the process he becomes 
wise to many facts. He finally enters the tabernacle, 
discovers the secret of death and releases the elite colony 
from the pains of immortality. 

If eating, drinking and merry-making are all that is 
left to do, would immortality be a boon or a terrible 
bore? Although we are a long way off from the situation 
depicted in Zardoz, the problem can be visualised even 
today. Would science and technology widen the gap* 





between the ‘haves’ and the ‘have-nots’? WiH the gap 
(ii reach the terrible form shown in the film? If no 
: challenges are left, would living be worthwhile? 

V'. Films like 200? and Zurdoz are thought-provoking, 
though not eveivbody’s cup of tea. To be box office 
■’f-. hits, films like these have to have a sustained plot and, 
special effects. 2001 is more popular because it is more 
• successful than Zarddz on both these fronts. However, 
films in this category are few and far between. 

The middle maiority 

Between the juvenile but successful Star Want and 
the philosophical but successful 2007 lies the more 
toical middle level science fiction film. In this type of 
V films, we are concerned with the immediate past or 
future. The scientists are faced with a problem of their 
own creation (research getting out of hand, the mad 
scientist, Frankenstein, and so on) or they are called 
upon to save humanity from some alien danger. Depend¬ 
ing on the director and the ‘science’ he has to portray, 
such a film can either degenerate into a mediocre thriller 
or turn out to be a sophisticated suspense film. The 
Andromeda Strain is a film in this middle category which 
manwes to rise above the average level. 

'ftis film is about an alien life Form which is brought 
to the Earth by a returning space probe. The life form is 
obviously hostile to earthlings, for, falling on a New 
Mexico village, it swiftly destroys most of its 68 
inhabitants. Only two are spared, an old man and a 
six-month-old baby. Why and how was the death 
brought about? Would the danger spread? How do we 
control the alien ‘thing’ from growing? What is it, 
anvway? And why were two humans immune to it? 

It is up to the scientists to find the answers to tnese 
questions and that too in a very short time. A team of 
top class scientists is chosen (including a Nobel laureate, 
of course). In- fact, the team has been selected and is 
standing by in case such an emergency arose. And they 
are to work in a superlao designed to meet just such 
catastrophic situations, a laboratoi^ deep underground 
with each lower level increasingly decontaminated. The 
process of decontamination, the working of an experi- 



Astronauts in. apacsship from 3001: A Space OdyaacY 


ment by electronic handk, ^ precautions hi case the 
scientists lose control over their experiments...alt are 
yety well shown. We also catch ^mp^ of pompous and 
self-centred (but powerful) politicians and dedicated but 
narrow-minded scientists with all their brilliance and 
whimsicality. We are shown in a brief episode the mixed 
reactions of the superscientists when they suspect that 
this superlab, built at their behest at a cost of billions of 
dollars, might also be used for biological warfare. 

With so much of the scientific atmosphere and the 
aura of superior technology, it is ironical to see in the 
anti-climax (which is supposedly the dimax) that to save 
the superlab from selr-destruction, the one person 
holding the key (which can stop it all!) has to climb a 
vertiem ladder up several metres to find the appropriate 
key hole. So ultimately it is man’s ape-ancestry that 
saved the situation. Did the movie have to end like that? 

As Ray Bradbury argued in the discussion men¬ 
tioned at tne beginning, we are living in the age of 
science fiction. Our grandfathers would nave considered 
today’s science and technology pure science fiction in 
their time. The miracle chip, the sophisticated weapon¬ 
ry, the advances in medicine...are they not incredible 
enough to justify the oftquoted remark, ‘Truth is 
stranger than fiction’? Even on the adventure front, the 
rescue of the Apollo 13 astronauts from their lunar 
mission when power failed provided a more powerful 
suspense drama than most science fiction films have 
created. Surely a generation that witnessed this drama 
(live on TV in many countries) deserves more scientific 
:limaxe$.in their films and novels than the ending in The 
Andromeda Strain. 

Sdance fietien on tv 

With a tew exceptions, TV science fiction series (like 
Star Trek) rely more on adventure than on science. 
To devise a good science fiction serial with several 
episodes is no easy task. Yet, 1 was fortunate to see two 
serials, A for Andromeda and Andromeda Break¬ 
through (science by Fred Hoyle, script by John Eliot), 
both shown on the BBC in the mid-sixties. 

More than 20 years ago, Cocconi and Morrison 
made the suggestion that it was feasible to search for 
extraterrestrial intelligence. Frank Drake had a small 
project to look for intelligent radio signals from outer 
space. The Jodrell Bank had a big radio telescope in 
operation while others were being built in the USA and 
Australia. It was against this background that A for 
Andromeda was wntten. The main plot is about a new 
radio telescope in Britain which receives intelligent 
signals from abroad—that is, from outer space, ^e 
signals are decoded; they contain the blueprint for a 
supercomputer the like of which was never even 
imagined. The computer is built. Again, aided by the 
outside code and the computer, the scientists ‘build’ a 
life form. It is a one-eyed monster promptly named 
‘Cyclops’. The scientists, especially biologists, are 
tempted to go further, for the computer is.willing and 
capable of producing higher life forms. ‘Stop. Proceed 
no further. What may come out could be an alien 
agent’—^this was the advice from Fleming, the scientist 
vrao had originally been an enthusiastic supporter of the 
whole project. But he is overruled. The next creature is 
apparently not sinister. Instead, it turned out to be a 
charming girl (played by Julie Giristie before she 
became famous). Fleming was suspicious. Wa» 
Andromeda, as the girl was named, really an alien 
uent? Thereby hangs the tale. And the computer? 
mming susp^s its intentions but is assured that it can 
always oe switched off if it turns hostile. But can it be? 
The scientists are in for a surprise.... 

Hoyle’s Black Cloud was a novel writtmi in the late 



fifties and was an excellent example of good science with 
speculative extrapolations w6ven into a nice plot. It is a 
pity it has not made its way onto the screen. In the novel, 
we have an interstellar cloud possessing life and intelli¬ 
gence. A number of scientific speculations in this novel 
have been successively verified. Radio and microwave 
techniques have shown the existence of complex organic 
molecules in the interstellar space. Giant molecular 
clouds between stars have been discovered. Maybe even 
intelligence will one day be discovered in such clouds! 

From specific examples. 1 now come to generalities. 
What do I consider essential in a good science fiction 
movie (or tv series) serial)? 'fo me it is axiomatic that 
science should be an essential component of science 
fiction. How much science and in what form may be 
indicated by the following range of possibilities: (a) the 
application of a scientific principle leading to unusual 
circumstances; (b) an exploration of what we know of 
science to situations vastly different from those we 
encounter on the Earth; (c) a piece of scientific research 
going beyond control and leading to catastrophes; (d) 
long-term forecasts of the present state and the march of 
science and technology and their impact on society; and 
(e) speculations of extraterrestrial intelligence that arc 
not inconsistent with what we know about nature. 

If we are to equip ourselves for living in the age of 
science, we should know what science is, what it stands 
for and what are its implications. A straight-forward 
discussion of these issues may be too drab or unpalatable 
to the layman. Science fiction, in my opinion, should 
have the role of a sugar-coated pill: attractive, at the 
same time, useful. 

rhese considerations may explain why I do not 
consider Star Wars a science fiction movie while I regard 
some of the movies based on the classics of Wells or 
V'erne as good examples of science fiction. The War of 
the Worlds envisages susceptibility of powerful aliens to 
our terrestrial bacteria. A single scientific concept like 
this is worth more than a host of robots, weird space 
ships and flashing computer panels. The prophetic 
element in the Journey to the Moon described by Verne 
in the last century was vindicated by Apollo 11 landing 
on the Moon. That good writers of science fiction have 
been succcsslul in catching glimpses of the future was 
also shown by the example of communications satellites 
first thought about bv the science fiction writer Arthur 
C. Clarke. 

It is, however, too easy to jump from speculative 
extrapolations of known science to pure fantasy. I hold 
no brief for the latter and feel dismayed when it is passed 
oft as science fiction. Even 2()0I suffers from this defect 
towards its end. 

Visual medium is a powerful tool for depicting 
science fiction. Modern technology, coupled with human 
ingenuity, has shown how special effects can be used to 
communicate fantastic ideas. However, as with other 
movies, the movies in this field are made primarily from 
hox office considerations. There Sholay rules, not 
Aparajito or Shataranj ke Khiladi. But chances are we 
will see more of movies like Star Wars or Superman than 
movies like 2001. 

To sum up then, in spite of the many advantages the 
visual medium has over the written word, only some 
selected movies have capitalised on them and given us 
authentic science fiction. The rest are scientifically 
trivial, at best good fun and at worst a waste of time. 

JAYANT V. NARLIKAR 
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I am happily retired because 
my accumulations are gainfully 
employed. Thanks to UCOPLAN— 
the free, financial advisory 
service UCOPLAN matched my 
savings capacity to my goals 
and assured me maximum earnings. 
Security plus a monthly income. 

There's a UCOPLAN for your 
future too. Drop by any 
UCOBANK branch today and 
ask for details. UCOPi AN has 
a wide choice of lucrative ways 
to make your money work. 
Because you've spent your 
Hfe working for it. 

O (Jailed Commeraai Baid^ 

the friendly bank round the comer 


Prof. Narilkar is with the Tata Instituta of Fundamenta''Oeaoarch, 
Bombay. He writaa acianca fictior) in Marathi. 
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SCIENCE SHAPES LIFE 


UNES 

in^v^KiN hiiK mKWC to it tlmn mcetK 
ti|f ;«)ier 4 i«ilth that mny 

strike 0i|l5r ybttir'im|liconsciQuii mind. 
Acoonfidig to fl recent Tcpnrt in the 
, N'itv -tisgitmt/ imtfHfill njf Medicine, 
tlrfverse impticts on 
itof,;?!®#*.' : 

;tt «»!> be«|i tout American 

'i^:dntrinner$ eiut. drink or tulk nbimt 
tiu0d atHtui nine time* per hour. Most 
of tlte.drinkM fhtrt iV chaFucters «»n- 
suhie ute titeolH>l>c. with per cent of 
the major churuciers drinkinjt. 

WhtttV wrtmg with alt that? yon 
mixh^ titik. It's tlK absence of the 
conseitiuences. For, the drinking ami 
eating of the charticters docs not give 


m 


"Tarzan at 4.00 pm. A ml mind ytm. the brown drink. Turzan and Janv have at 4,07 pm is only 
vhovoiatv milk..." 


ih^ni ntiSh- troMblj? dd one would 
e^ril^^illL It would uppeur 

iffg ijivisjs ih«m the tetthby. sibber and: 
Jilim Ihey fHmftiys Oufy four 
per cent of ail OS teleyiaton characters 
are otoenc; i^mtruKt that with the 25 lo 
45 per v^kt obeaily of the general 
population. 

Simllarty; only seven per cent of all 
TV characters have medical pfoblems. 
YeL myKteriously, doctors ami. nurses 
come on the screen uu) oftert. their *l v 
population being five limes higher ‘ 
than in real life. • . 

St>. many Americans who have to 
wait several weeks for a medical 
apFKuntmcnt had better watch iv 



ANOTHER BUG FOR PATENT 

■‘Wi coriK- up with toxK’ diinips like 
Lt)\c f .iiial or Sc\csi). aiui ail wc do is 
evacuate people. VV'e come up witli .1 
useful eheniieal like dih tmd out it's 
toxic, and all we do is han it. ' Now 
why did An.itida (hakiahaitv (the 
scientist who was m the news last vctii 
after he tried to patent .in oil toip 
siJining haeterium) sa> that lecenilv ’ 
C’hakfiihartv and hi.s . eolle.ieues 
have now come up with another hac- 
tcrium that cats the hcrhicide J, 4 
.^-T. C hakrahaily eolleeled hacieiia 
from to.xic environments ami placed 



them with a little 2. 4. S* I alone with 
food Over a peiiod ol nine months, 
he slowly incie.ised the .iinouni ol 
herhieide ami ilecreased the '^imoimt 
ol tood. hmalK imK those h.ieteiia 
that ei>ulil survive on the herhieide 
remained, the i>theis havme died lo 
make this possible, ( hakiahartv .iml 
eolleapues included a v.irietv ol plas¬ 
mids m the solution. (Bacteiia .11 e 
known to absorb plasmids moie easih 
than ehiomosomes.) 

The herbicide 2. 4. .S-T which li.is 
contaminated a lot ot tields and crop* 
lands may one day he lenioved il 
studies on the new bacterium are 
successful. Perhaps the technique 
could also be used to develop a strain 
ol bugs that may cat up DDi as well. 
C’hakrabarty is optimistic about that, 
and thinks all this will come about in 
iust a matter of time. 


FOR lAfOMEN ATHLETES ONLY 

Hi ki s evidence that athletic tiaining 
delay*, menstruation. Researchers stu¬ 
died 38 Harvard University female 
runners and swimmers, It was seen 
tha.t the start of training had an ellect 
on the onset of menstruation. The 
pre-menarchal trained athletes (IS ot 


the 38) began menstruation at an 
average age of 1.^. while the 20 post- 
menarehal tiained athletes matured at 
an average age ol M. which is very 
close to the avciage foi the general 
population. 12.7 years. 

it was also noted iJonninl of the 
AoH'rkan Mn/icul Awoauiion, Octo¬ 
ber P^Sl) that intense physical activity 
be lore inenarehe contributed to irre¬ 
gular menstiii.il cycles Some 83 per 
cent ol pie-menarchal tiained athletes 
complained this, ( onliasi this with 
the 411 pel cent who had the problem 
aiming the othei gioup. 

Although the lepoit s.ivs that .1 hnv 
fat latio in the pre nienarchal trained 
athletes may he the chiel l.ictoi re¬ 
sponsible (eonveision ot amliogens to 
esiiogens takes place m the peripheral 
I at cells). It dt»es not say what U>ng- 
term elfeets the obseived late men¬ 
struation can have on the lepioduetivc 
and mensdual histones td the persons 
concerned. 


PLACE YOUR ORDER WITH 
INFRARED 

I Mi photo shows a portable ei>mpiitei 
teimin.il. about the m/c ot a laige p(»ek* 
el calculator which can well fiml use in 
resiauiaiits with lew waiters. Hie unit 
eiiistlown set vice time and the walkmu- 




'Menu terininar- -le!>s tips too^ 

lequired bv vvaileis. I he leimmal in 
the vvaitei's h.iiul uses not wnes but 
iiilraied light to pass on the custoinei s 
Older to tile kilehen 01 bai. Data eol- 
leelors on the ceiling pii k up the in- 
(laied light aiul |>ass ii (mi to eoinpu* 
ter. A small piiniei whieh 'Nalso Imkeil 
lo the intrareil light svsiem can be 
pl.iced aiivwhere in (he iestaiii.ini lo 
suppb the complete bill. 









THE QUARK SEEMS WITHIN 
REACH? 


I*jn sK ISIS a! I.mope's ( enliv for Niic- 
kar Kcscaivli i( I Ksi led ihcy may 
not he veis t.ii a\\a\ horn tiappin^thc 
elusi\e qiiaik Ouarks aie supposed lo 
he the elemental y huiklinii blocks with 
which all suh-atomic particles are 
made, aiul they are believed ti> have 
electiieal ehaiues that are fracli«)ns ol 
the chaiye id the electron (All other 
known p.irticles ha\e eitliei no charge 
at all Ol have charges that are integral 
multiples of the eleetnm's charge.) 

It's the Italians at ( I K\ under Prof. 
Antonio /icliiehi w h** have been look¬ 
ing for the ijiiarks. C I Kn s super 
proton s\ nchroton jirodiices ncutriiuis. 
tinv uncharged particles with little or 
lU) mass. /Kliiehi's group uses an 
'avalanche chamhei" which consists 
essentially ot a suitable gas m a 
chamber with a Ncrv high electric 
field. 

Theneutimos interact iuily very 
weakly with eh.irgeil particles, and 
when ihcv do. the deteelirrs can show 
any electrically chaiged particle pre- 
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inside CERN 

sent, with the chaiged particle ionising 
the giis in the aviilanche chamber. The 
Italian physicists appeal lo have found 
sojne thiee instances ol such ionisa- 
timi 111 ^(lO.lllMi mteiactums, and be- 
lie\c ihey would need moie acceler- 
atoi lime behwe they make sure these 
weie caused In tree quarks. 

GROW TALLER 

inusi liave heard ot human 
erowih hormone dufin This hormone 
is piodiieed by ihe pituitary and is 
essential lor giowih. Medically. Miiil is 
iiselul m t leal mg certain types ol 
dwarlism. besides m heating bone 
liaetiiies. buins aiul lilecdmg ulcers. 

So lar the onl\ source ol I Kill lot 
these purpiises was ilead people, 
which made the hoimone very expen¬ 
sive. Now. leseaieheis ha\e induced 
the bacterium I silit ru lmi otii to pro¬ 
duce IK fit which they find has exactly 
. the same elleets as naluial IK ill 
fj/. Ihe ivseaichers at the bioteehnolo- 
if gy companv. (ieneleeh. inserted the 
5 gene that codes loi lu.ii in humans 
mio the m Id7d. This alone was 
Cimstdered ii nMioi bieakthrough 


then The next task was to observe 
how the bacterium lespondetl to the 
new environment, and to determine 
what it produced whether it was iKill 
Of something else. It has now been 
lound that structurally, too. the s\n- 
thesiscd hormone is the same as naiiiial 
iKiM' iincI It w'orks. lesis m i«its with 
their pituitarics removed showed tiuit 
these* rats (whose growth gets re¬ 
tarded) put on weight fast. Tests with 
natural iKill. too. had similar elleets 
on the rats. 


GASOHOL ENGINES NEED NEW 
MATERIALS 

Wiiiii alcohol IS being used mcrciis- 
ingly in place of petrol in automobiles 
in some oil-importing counirics, the 
idea has met with quite a [ew prob¬ 
lems that may be solved only with the 
use of new mateiials by the iiiilo 
industry. 

Brazil, with its surplus sugar, has 
led in the gasohol race, and hopes to 
have as many as two million alcohol- 
powered cars by I9S.S. But it has been 
seen with Brazilian alcohol liiel that a 
very high degree of purification is 
uneconomical. So Brazilian ethanol 
fuel contains at least 4 per cent water 
together with other impurities, espe¬ 
cially acetic acid formed during the 
fermentation. As a result of this, luel 
tanks in an alcohol powered car coi- 
rode. while rubber seals and pipes 
break or deteriorate. 

Vehicle munufacturers are thus 
forced to knik for new materials that 
can withstand these factors. Usual)v. 


e.iis li.i\e then luel tanks m.uie ol 
sheet steel eoateil with a thin le.id lin 
alloy lavei. I Ins being iiisullieient. 
I'oid ot Hi.I/ ll IS now mamit.ieluimg 
luel tanks usme a moie eoriosion- 
lesistaiit lieaNiK Imned sheet, a inate- 
iial origin.ill\ piodiued tm eipiipmeni 
lor Ihe m.iple sMup iiidusliN in the US 
and ( anada 




" Damaged insides, like all akoholivsr 

rile chemical industry, loo. is lunv 
working towards alcohol luel-ivsistant 
materials. So it will not bo WTong to 
envisage a plastic luel tank. One US 
firm, for instance, has come up w'ith a 
new type of fiuoroclastomer lo resist 
petrol-alcohol blends, synihetic lubri¬ 
cants, watcr-ba.scd hydraulic fluids 
and high-sulphur crude oils. The re¬ 
cent slump in the car industry has had 
an impact on the chemical industry. 
But it looks tike new advances in the 
motor industry (like the switch to 
gasohol) will help the chemical indus¬ 
try recover fn»m the blow. 




TTfe INiMB BLONDE" SYNDROME 

Till Bi. arc people wlu> simply cannot 
rcspoiul t4» psychotherapy. Try any¬ 
thing. hut they won't bud^c aithoujzh 
the persons may he attractive, charm¬ 
ing and well-dressed. The symptoms 
ma\ suggest a diagnosis of any psycho¬ 
logical disorder trom depression to 
schi/ophrenia. hut they won't respond 
lo therapy, incluiling drugs. 

Now an Australian psychiatrist. 
Norman (iold. and his psychologist 
ctdieague .lulie Shaw have an explana¬ 
tion. They call it the “dumh blonde 
syndrome”, and found the problem m 






"I hale 10 say this Mr. Peters, hut 
psyehotherapeuticaUy speaking, you're a 
Juiiih hlfuulc " 

10 women w ho were considered “Ihei- 
apeiitk' lailurcs ' at a suburban 
))sychi.itiic elmie (iold and Shaw disc- 
iwered hm lo levels in these women 
langing from 00 to S(S. Aflei the tests 
(iold and Shaw evpiain that “the 
p.ilieiils' below-a\eiage intellectual 
lunctiomng was an umecognised prim¬ 
ary faettvr iir misdiagnosis and in¬ 
appropriate tieatment”. ( I he patients 
wete nevei subjected e.irlier to lo 
tests.) 

It may appeal that a certain anunint 
ol inlelligence is necessary for any- 
bodv lo respv>nd u> psychiatric treat¬ 
ment. but are li; tests themselves so 
perfectly uiU|uestionable? And could 
It be possible lor people v\ith emotion- 
.il problems to lake tests and le- 
spond to the queslums asked like 
noimal persons'* I'mally. the therap¬ 
ists. although apologetic about the 
male-chauvinistic tone of “dumb 
blonde syndrome”, do not say why 
Ihev examined only women! 

HOT TIMES AHEAD 

Its time the world viewed the im¬ 
pending global “greenhouse efiect 
more seriously. The increasing carbon 
dioxide levels on our planet max in the 
not loo distant future offset glob.il 
climatic, economic, environmental 
and social changes. These changes 
may affect the pi>orer'tropical coun¬ 
tries most. 

C arbon dioxide increases in the 


atmosiphere as u result of burning 
fossil fuels. According to a recent 
report, the temperature rise generally 
associated w'ith a doubling of carbon 
dioxide aincentrations - about .V’C 
— would take the world's climate 
outside the range that has generally 
prevailed for the last several ihousaiul 
yeais. And the day may not be very 
tar off. tor the concentration of carbon 
dioxide in the atmosphere has been 
growing ever since the start of the 
industrial revolution. 

Vo understand the gravity of the 
problem, take the example of our 
neighbouring planet Venus, which is 
only .^0 per cent closer lo the Sun than 
the Larth is. So. you might expect an 
average temperature ot just around 
KMI'K on the Venusian surface-the 
temperature ol Madras in a mild 
summer. But m reality the Venusian 
temperature is a killing Until 

‘recently, the greenhouse cflccl on 
Vmiiis had largely been a liyp«>thesis. 
but data gathered from the Pioneei- 
Vemis spacecraft has proved that the 
scorching heat ot the planet is due lo 
the caibon dioxide, which makes up 
% per cent of the Venusian .itmos- 
pheie. 

FROM WARTS TO CANCER 

Tin refined form of a ehemieal that 
has been used lor over 40 years to get 
nd of warts will soon be used in the 
treatment of small cell lung cancer and 
lesistant testicular cancel. The drug, 
named Vepesid by the pharmaceutical 
industiy. IS a scini-syiiihctic derivative 
tif podophyllol<»\in — which is a 
natural extract of the American man¬ 
drake unit. 

I'csls with Vepesid have shown that 


it is the most active compound .so far 'i 
tested against small cell lung cancer, j 
When combined with other cancer j 
drugs. Vepesid is said to have shown a j 
response rate of up to % per cent in 44 | 
cancer patients w'ilh the lung cancer, i 

riie new drug has an action that is j 
unique among cancer-tieating drugs. .! 
( aneer eclis are kiuwvn to go through : 
stages of matinalion and growth, and ^ 
unlike other cancer-drugs. Vepesid ; 
arrests growth at the second stage of 
cell division. 

rests are on tor the possible use of - 
the drug to treat other types of can¬ 
cers. 

BIPOLAR TRIPLE CHIME 

lilt- hu//mg of dooi bells, the high- 
pitched bleeping of radio alaims or the 
liiigling of kitelicn limeisean hardly be 
described as mcloilioiis. An eleclionics 
firm has now come with an inte- 
urated eireint (li ) that can be used lo 
woik a tuple chime with harmonically 
timed fie(|ueiu'ies musical to the ear. 
With mmimum ciicuitrv. cmiiprisiiig a 



jcsisioi. two capacitois and an elec- 
(lolvtic capaeitoi. a gong cneuit ean be 
accommodated, togethei with a small 
S-oInn londspeakei, in almost all types 
ol devices. I he low curiciif draw of 
tvpicallv I mA means long-peruul bat¬ 
tel v operation 





Ramanuian— West, forefront 
East, backyard^ 
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Thermoluminescence 

--a versatiie new tool 

K.S. V. Nambi 


Thermoluminescence techniques are finding applications 
in an increasing number of fields 


A FTLR the HirDNhinia-Nagasaki 
bombing in 1^^45, a .Ii>inl US- 
Japan Atomic Bomb Casualty Com¬ 
mission was insiiiutcd to study the 
ill-cftects ol the atomic bomb, and its 
first major task was to get to know 
the amount of radiation (dose) 
received by individuals. But so many 
were the uncertainties and unknowns 
involved that the dose estimates var¬ 
ied widely: a measured value was 
badly needed to work out a proper 
basis for the dose calculations. A 
Japancse^)rofessor had the ingenuity 
to measure the thermoluminescent 
light emitted by roof-tile samples col¬ 
lected Irom various parts of the 
ruined cities. Based on these, he 
could tell the radiation levels that 
had prevailed alter the bombing. 

More recently, the only available 
radiation ilose data in the Tltrcc Mile 
Island Nuclear Power Station acci¬ 
dent in the USA came from just five 
I h e r m o 1 u m i n e see n ce dosimeters 
which happened to be lying exposed 
to the environment around the reac¬ 
tor. I'he data could help estimate 
radiation-induced cancer risks to the 
population in the region. 

Indeed today the u.ses of thermo- 
luminescence are numerous. Besides 
the measurement of radiation expo¬ 
sure in nuclear plants and in medical 
fields, it IS used in archaeology for 
determining the age of ancient ob¬ 
jects, and for checking whether an 
aichaei>logical object is genuine or 
fake; in geology, it is used for dating 
and deciding the origin of geological 
formations and, possibly, even for 
ore prospecting and earthquake pre¬ 
dictions. It can also be used in 
forensic science and in a wide range 
of quality control and analysis. 

Historically, ihcrmoluminescence 
must have been observed even dur¬ 
ing the Slone Age (civilisation more 
than 1 (),(KK) years old and which used 
Slone implements, some of them 
quite often made oi limestones) as 
certain limestones, when heated, 
^^ive off a giovving light. Tfac 
most acclaimed first recorded obser¬ 
vation of thcrmolumincscencc in 
Lnglish literature is, however, cre¬ 
dited to Sir Robert Boyle. In an even¬ 


ing lecture to a gathering of the 
Royal Society of London, on 28 
October. 1663, he said: '‘1 alst) 
brought it (Lord Clayton's diamond) 
to some kind of glimmering light by 
taking it into bed with me and hold¬ 
ing it a good while upon a warm part 
of my naked body". However, the 
name “thermolumincsccnce" was 
perhaps first used by H. Wiedemann 
of Germany in 1903 while explaining 
his observations on the luminescence 
of fluorites (calcium fluoride 
mineral). 

What is ihermoliiminescencc, 
anyway? ll is the phenomenon of 
light emission upon heating a mat¬ 
erial which has been previously 
excited. (Hxcitation is a priicess by 
which energy is imparted lo a mat¬ 
erial; energy absorption leads to 
excitation of electrons in the material 
and hence the name.) All types of 
radiations such as gamma rays, 
X-rays, alpha rays, beta rays and 
light rays can “excite" a material, but 
to widely different extents. There arc 
also mechanical means of exciting a 
material such as applying pressure 
and causing friction. But radiation- 
induced Ihcrmoluminescence is the 
most important because it holds 
promises ol a wide range of appli¬ 
cations. Out ot the excitation energy 
imparted, a very large portion is 
almost instantaneously dissipated by 
various processes such as heat and 
light and only the balance is absorbed 
and stored in the material. On sub¬ 
sequent heating, this energy is 
released and some of it may be in the 
form of light, which we call ther- 


moluminescence; even the wn- 
sitive thermoluminescent materJnls 
known today have ther¬ 
mo luminescence conversion 
efficiencies of the order of a few per 
cent only. In recent times, the 
phenomenon has been correctly 
termed as thermally stimulated 
luminescence (tsl). Exactly how 
thermoluminescence occurs could be 
explained in terms of the band theory 
of solids (sec box on p. 14). 

Several materials exhibit ther- 
moliiminescence. Among natural 
materials, selected rocks, minerals, 
soils, ice and certain plants show 
thcrmolumincscencc after proper 
excitation; among man-made mat¬ 
erials arc pt)tlcrics, ceramics, glasses, 
a good number of semiconductors 
and insulators, including poly¬ 
ethylene and PVC. The presence of 
trace amounts of chemical impurities, 
lor example, the presence of rare 
earth elements like dysporium (Dy), 
terbium (Tb) or samarium (Sm) in 
fluorites greatly affects iher- 
moluminescenee. sometimes increas¬ 
ing it, sometimes decreasing it. The 
crystal structure oi the material 
(cubic, hexagonal or tetragonal, etc) 
as well as its ihcrrnal history (for 
example, in natural minerals, 
whether they were formed by a 
sedimentary process at ambieni 
temperatures or formed by a volcanic, 
lava flow) determine to a very 
great extent the therniolumincseencc 
capability ol a material. Most of the 
laboratory investigations towards 
understanding the underlying phy¬ 
sical phenomenon have been carried 
out on various inorganic compounds 
(crystals or microcryslallinc pow¬ 
ders) after X or gamma irradiation. 
In gcncial, radialion-iruliiced thcr- 
molurninesccnce is more apt to occur 
in hard, colourless, inorganic cry¬ 
stalline compt)unds with a simple lat¬ 
tice structure containing small-size 
cations and anions — for example, 
lithium fluoride, calcium fluoride, 
calcium sulphate, etc. A rough clas- 
sitication for the cation-anion com¬ 
bination in decreasing order of ihcr- 
molumincscene intensity after 
gamma irradiation may be as follows: 


Anions 

(a) High therrnoluminescence intensity 
F-,CI“CO* Si0?,0=.S0f 

lb) Medium therrnoluminescence intensity 

HPo?. Bf- r, po; 

Ibl Low therrnoluminescence intensity 
CrOj. Cr?0?,S;.OH 
Fe ICNe)* HSOl MnOy. NO? 


Cations 

Lir Na+ K+ Ca Sr+t Al^+ 

Pb++ Cd^^Ba^-^ 

Fe-^+t Fe+^ 

CuJXu^’t Ag-^. Ag^t NHf 



Thcrmoluminescencc dosimetry 
<TLD) offers a very inexpensive and 
sensitive method of measuring ato¬ 
mic radiations. After an expt)sure, 
the TLD can be heated and the 
thermoluminescence emitted can be 
measured and related to the radia¬ 
tion dose it received. The same n.o 
can be reused (until recently, photo¬ 
graphic films were used tor measure¬ 
ment of radiation doses received by 
working personnel and, obviously, 
new films had to be used for each 
measurement). Hven very low levels 
of radiations, like the natural radia¬ 
tion background, can be measured by 
exposing the TLD for long periods, 
say, a week or a month or even a 
year, and evaluating the total dose 
received over the particular period. 
In case of unexpected radiation expo¬ 
sures, like in a nuclear reactor acci¬ 
dent or an atomic explosion, the 
instantaneous, high level of radiation 
is absorbed by TLDs and the radiation 
dose could be evaluated later 
whenever TLDs are retrieved. In 
the absence of any TLD, materials like 
roof-tiles and wall-bricks could be 
used to evaluate the radiation dose. 
Though these materials yield very low 
thermoluminesccnce, it is enough to 
detect very high radiation doses in¬ 
volved in nuclear accidents. 

In India, TI.D badges (Pig. 1 ) arc worn 
h\ radiation workers in all the 
nuclear installations. The badge em¬ 
ploys three teflon discs containing 
( aSOa: Dy as the ihermolumines- 
ccncc phosphor, and it can give intor- 
niation on X-ray (in the case oi 
radiologists) as well as beta and 
gamma (in the case of reactor work¬ 
ers) radiation cxp(»sures. Special 
ii.Ds (Fig, 2) have been used by the 
Health Physics Division ot the 
lihabha Atomic Research C'em re in 
their studies of radiation exposures 
to the population living in monazite 
(contains radioactive thc'Tium, an im¬ 
portant fuel source in atomic energy; 
thorium gives out alpha! beta and 
gamma radiations and this results in 
almve-normal radiation levels along 
the monazite beaches) beaches of 
the Kerala sea coast, and natural 
radiation background elsewhere 
throughout the country (at about St) 
principal meteorological staiioits). 
Fig. 3 shows typical distribu¬ 
tion of radiation levels along the 
Kerala coast. 

Tlds are also widely used tor 
ladiation dose estimation in medical 
liclds like in diagnostic radiology, 
ladiation therapy and nuclear medi¬ 
cine. Some of the striking applica- 
ttons arc in interstitial intracavitary 
radiation therapy and in the therapy 
«f thyrotoxicosis. For example, in the 



Fig. 1 Thermoluminescence dosimetry 
(TLD) badge worn by radiation workers in 
nuclear power stations and in the Bhabha 
Atomic Research Centre 



Fig. 2 TLDs used for measuring 
natural radiation background. Radiation i.s 
detected by CaF;^ powder filled in a pair of 
brass capsules kept inside the lockets 
These can also be conveniently worn by 
people in neck chains for studies like 
population dose distribution along the 
monazite be?achcs of Kerala 



Fig. 3 Radiation levels along south western 
coast of India—a schematic representation. 
A detailed study using TLOs has been 
completed only m the northern region of 
this coastal stretch (shown by histogram) 


case o1 radiation ircalmcnt of cervic¬ 
al cancer, the dose to the rectum is 
accur.'itcly determined In inserting a 
flexible plastic lube containing a set 
of equally spaced viaKVpellcts of TI.D 
and w'lihdraw'ing it after a known 
interval of time. In the case of 
thyrotoxicosis therapy, it is necessary 
to know the elfectivc half-life ol 
radioKxiine in the patient's thyroid to 
evaluate before hand the thyroid 
dose to be delivered. After admmis- 
lering the test quantity of 
radioiodine, the patient is made U) 


wear a convenient neck band with a 
set of ii.Ds which is replaced every 
day at a specified time; the patient 
can report to the hospital with all the 
used iLDs after about a week and 
evaluation ot the doses from these 
11 D sets of sequential dales provides 
the decay pallcrn. Before the advent 
of n Ds. each patient had to report to 
the hospital everytlay tor a week. 

To archaeologists, ihcrmo- 
lumineseeiice has been a boon for the , 
ft)llowing four reasons: (i) Ihermo- 
luminescence dating is absolute and 



Fig. 4 Schgmatic representation of the TL NTL-natural thermoluminescence 
dating principle. TL=?thermolumine8cence; 








'Occur? •- - 


'j^flytiicis'rs' itJtpiiiUi Jtlife. iherin^. 

“llrt tuirtd pldute-'/'.j^ «0tiijs'*' 
(Fig. 4). The .Mfia^ 4^Cy Fete 
liground sittitf) tif 't)w;.eiectront> in u 
mMeriai (before eecitMinn/irrudiatHm) 
isKpresente^ bjy thi^-vaience bund. The. 

^^ii^li(^iA4iovinrii(> and con«litiite 
.Hto'iMmiliKtlSh hi^ The energy gup 
hetwwn these tern states is culled the 
i forhidden hund. Theory denninds that 
;iio eiectnins can exist in the muteriai. 
.M)ith tMK'tgy idutcs fulling in the foitiMk 
sktt gap. When the nmtcriid is;‘*e)(r 
by «B iitddemt,|ii(iwg*;irtv;v 
; deccniiw (iirTgiindiy in yalisit^ 
and they nttaliti i^rji^; 
Mes cinri^spondii^ ta the ciihdiicli^; 
lh}0^ N<»nn«nilys these clecironn cai|tH)t 
remain excited inctefiAitetys that is; the. 

of an el^on in the condiidibn. 
hnhd is very short ami the ei^ctrtm 
attains its ^muml kkiic inimedtatefy^ 
.|tiving away ihe^enerjKy to wunii op the 
'SerystatMintiee or in the form of light 
(fliit>rcscence). 

ilowiey^r, ah impurity atom (with jm 
; tt|lijcU;fi|>iriat 4 ^ sijte and charge ) .pte*' 

sept in the materia} can have an eney?gy 
: Htate in tlW for exam- 

ffl in lithtum fluoride; 

thieve , an.*, called mefastable energy 
having Jttipreciahlc tife-tiineH. Ah 
ixched .dectron can find itself in this 
stale ratiicr than getting hack t,o its 
4 normal valehee bund state. Now we j»ay 
an electron is "'trapped*' in ttnalogy; it 
; ;i» aK^t viiltolised tmu a (absence 

;.;pf ini vlcetronf is trapped at an energy 
;4^te very chhie to the valence band. 
>;;:£|^nding:upim th^ .cueigy level id the 




' '-'"flHitMitf (((ir 
' hnMflcd 

Irus -stage 

storage after'^ fpithiKdiAeifaitQii of u 
innteritti. If iioilrtbfcflhi(etiiii’i!l a-armed. 
th(» heal pnetw ;SiB|fi!||^ oWc to 

itie ;iMiiiid''.#m: V’^oihigin^'l^ilfe 

, lor atom' h'l^ afight^mit^ pW^iit^)' 

ftv tte eniSi^of 

..pTocMs.'*.; gfigff .we/ftavd^tiiCTmitW' 
■ ' iiwihM^ieenitd;: ■ 

tf the Blind "theory uf Solids Miunds 
. obstniet. Hjs pcMidhJeniMikferstWtlw 
. .Biwi90l«mtp«s«««ee nHMdiaiiiMk' in 
ttmii 'letf piiyiieo4i^^ pracet- 
Ifes CoqiBd- 

er, fw einHi^e, tbe eim^ tbFiho* 
IttiMineftcdnce'. of fluorites con- 
. t^torig {^ysprowim hhpuriljfi (cominet^ 

. deity.' a vity sensitive Tib .maierial 
. ctfHod !Pif' 2 d[»y phot^ is «veUab|^ 
FftMliislMtnHi^e ainelyFs. It ii knoM^ 
S.fffeeeM iii;the : ;Cur* 4 |f 
iMilM, Okt X dr gain^ 

iroiQ.lM fiiibrine i& 

ee^tiiw dy’', iresillHi^^ 

«»«o« of Dy** Bolih F* Md 0 ^> aid 

hiiiMy stabic Htate.s hml ihe cfiu>gv.s 
femaifl trapped fdr veiy (oeii perimH.. 
■On warming the crystal, the. ttKsrmally 
Jess stable "hole" diffuses' dut uqd 
fhO^y n^s I>y>’recoidii^ 
offgapMl fWiiner—the dte^ron. This rc- 
Goihhiinuiidh encr|y eocites the Dv' ion 
which feidrnstd the irbun# state' cmii- 
■ fing its owp. n^itocteristic. yellowish 
white light Jtheepiiiiuit^esden^* 




'M 



CONDUCTION BAND 



Thermal i 
release 


Recombination 1 


1 

'■pfdi.tdss; 

.atoftt frfthe cfysi^ "tMW^inidlfiQl^ljj;. 
in.turn, is ivfl^jld. iW-1^;v^h!n^ 
luitiinescdiii'e. -'Thw';irKhj^^|^m|Ve 
charge nf the ii^rity Kiii 
ised in ff»e-i)ri^aviw'4'VMiwa^;i(l( ^^^ 
.itepelii%W^'t!?i)^^ ' 
' urt 

' three'-'«XU4'.'' (Jd?/' 

ihiersiiitat 

place a Cr- 'ion oiid oft tti(iil!ii^7te^'‘&n 
(inter -j»f interstitiai po^ibpt 
..Dy”' kHientmiigtbe.i!^flid^iin,^4^ 
frniit air can enter ffig' aiy^l’npFMf 
one P“lon aia so «r. ' • j'''' f'. 

These'copstiiute Sudcmc'typed 'im tite 
stH^ied lattice defects. Whittil'inipiiis. 
itCtemisof gneigy thot ^hfb!- 

rent tvpes of tedps wiffl be^-hdniMe. igith 
dMGitent'trap dqtfhs. AiM.tliiBl'ii^n 
the oysnlit heihg wanned,.aftNr'jiria* 
diatjpn, thermolumineceeifcw will 
acccmingly be emitted not dt just one 
ten^ratttre coRespondin| to deBdp- 
piiig' in one type of traps but at a 
suceeision of teinperatwes correspond- 
jpg to a series of different ty^ of tntps. 
This is iftustfated in Fig. 5 whidfi is 
caHed the ^ thermahiminesOettoe glow 
curve. The glow curve geiienii^ ex¬ 
hibits many, pegks. each cprpripoiiidHi^ 
to a trap with a-dtflemit enei^ depth. 

What iriake the thennnlutpftiesecnci: 
phenpmeopit an eairemeiy. versatile 
tool in. a variety hf appHcanims^^ ^ 

. fol{oW(nj;: '(i| .tRe tnttrmolomincseetXe 
.. intetrii^ (that hi. the ufed under the 
glow, oirve) is diiecti^ prophijioaal to 
. the net radiation .dose ■ received. I>y the 
material; thm.i'clatmhdidsts dvoti whit 
.fhbgit-t^^rom a jfew mKad yta Jdiont 
• ’.'It^JWih tttds be^^d 
,.impi,in:the ..die.rfflOlumint»^)X* 
yl^ teva&.off ‘for furtbin', 'ritsi^ 
fTbe wtumriom; .ai^ 

. sl^t'dv<iri?ase ih:me jlwtriw#tihl|^^ 
ytdd' ai visry high. dosM oouW 
iuffipiai due to 0m ft>Uow^*;ihidiii^ 
V(io ^thnns-haps av4il^'’h^.<l^^r' 
HTadimhin ifl',the high ditses: nri^morc 
iight-eit(itting atoms are uvailidde>'nhile 
. hettdng the sample: and possible-,riidia- 


Diffusion 


ggggggggg 




ALENCE BAN 




.ill. i Mteil' il I ' !) ' > ' 
















f^. 7 ^ • It nMtr. Thtt 

shorn lysiom.; 

phMOh^ntSf^.Miie^ t»f.tlMi DC ompH^ 

«»r,, ,; ;A:,, . ■. ; ;A>^ . 


'■fiilglifdfeies. 

; ijfKk siifficient ^gy depthi; (and, 
jfitthce loiig 4^^ ibhoriy i!i 

itoitid fhdefinHely' hapsl jifror 

itufllyV in! a majpciry of male,rials, ffcer- 
.mdlummescemie pcalcs occuriing at, 
teinporatures Dr mve' 

hriong to this j^Ib^cafly (itabte categ- 
pry> (iii) The probability t]| dotmpplhg 

S ^efc^n at a tj^piratM.re T’K is 
^ py p P^iofC, i ^ 

eoti$miV’£ lrap;di^|^' 

' c^^tk'fe^-'ithe trap'calicdv 

W'''iffi^etk9’'^f«^/Tran-the paraf; 
ippm :are.;lM«inil«. HiC'decay 'Of [il 

';pf0- 

•iDif|p£m;(vy ^ 


points to the time when a pottery was 
paked in the kiln. (So far, potteries 
have been dated on the basis ot (heir 
style and fabrication technique; rare¬ 
ly could associated organic matter in 
a pot be sufficient in quantity to yield 
a carbon-14 dale); (ii) thermo- 
luminescence dating is possible even 
beyond 30,(KK) years which is appro¬ 
ximately the upper limit for C-14 
dating; (iii) authentication ot an anti¬ 
que pottery is possible from simple 
and quick thermoluminesccnce mea¬ 
surements on even a few milligrams 
of a powder sample drilled out from a 
hidden e«)mcr portion of the antique 
piece; and (iv) thermoluminesccnce 
characterisation otters immense pos¬ 
sibilities in identilying the source of 
ancient potteries and ceramics. 

What is the principle of thermo¬ 
luminescence dating (Fig. 4)? A pot¬ 
tery piece consists of grains of minerals 
such as quartz leldspar, zircori/apa¬ 
tite, etc embedded in line-grained 
clay, the whole thing having been 
tire{l at lemperatures in the range ot 
50()"C to l(K)0"C\ All pieviousK 
stored thermoluminesccnce in the 
pottery piece is erased during tins 
Idln-liring. Subsequently, alpha, beta 
and gamma ladiations from radioac¬ 
tive impurity elements like uraniuVn, 
thorium and potassium which arc 
invariably present in the day and the 
cosmic radiations start building up 
the thcrmoluminescenee; uhen the 
pottery gets buried, one more, 
source, radiations from the burial 
soil, also adds to this continuous 
build-up. (Mic shallow traps will 
cominiiously tade as even the\ are 
being cimtinuoLisly irradiated, hut 
the deeper traps with the potential to 
give rise to high lemperatiirc peaks 
around 300( or more continue to 
build up without any lading.) F rom 
an analysis of the potteiA and soil 
samples, one can knt)W' the uranium, 
thorium and potassium contents and 
hence (trom a knowledge ot then 
half-lifes and the types of iadditions 
emitted by their radioisotopes) esti¬ 


mate the rate at which the pottery 
piece was being irradiated through^ 
out antiquity (rad/yr). From a mea*^ 
iurement of the thermoluminescenctf 
emitted bv the sample at presenfi 
times (natural ihcrmolumincscenccV 
NTL) and b\ a proper laboratory; 
calibration giving known artificial 
radiation doses, one can estimate the 
archaeologically accumulated radia^/ 
tion dose (rads) in the pottery. ThCi 
age IS given hv the simple equation, 
Dose acquired 
Age since kiln-firing 

(before present) -- 

Annual dose 

Prof. M. J. Ait ken and his group at 
Oxford University, England, have 
done pioneering work in the appli^, 
cation of ihernioluminescencc 
techniques in aichaeology—the 
dcvelopmcMit and standardisation of^ 
dating techniques, methods to detect 
forgeries, etc. In India, the BARC and 
the Physical Research Laboratory, 
Ahmcdabad. have been working in 
this field. Table I gives rcsudls of three 
selected studies. In all these, thcr¬ 
moluminescenee dates have beer | 
invaluable. 

In The tirsi ease, Kankar (calcium 
carbonale) iKHliiles trom buried soil j 
excavated from an important ] 
archaeological site in ihe Lower Nar- I 
matia Valley neat Dhegam in (lu- | 
jaral have been dated Prominent ! 
buried soil proiiles are seen in sec* j 
tions ot the l.ower Narmada Valley ! 
and Lower Paleolithic tools have I 
been oceasionallv lound here. As the | 
strata d(t not yiekl fossil bones or | 
pollens, it was necessary to lind a ; 
period tramework lor the buried soil, i 
a product of wcafhered silt. ; 
Although C’-I4 data evislecl. these 
were based on some presumpiions 
about the lormation ot Kankar. and 
independent conliimaiion ot the dale 
was needed. The (-14 tiaies and Ihe 
thermolummescence dales agree well 
md are shown in the lalile. In the 
cases ol buini clav s.miples trom 'a 
pre-histone ca\e m Andhra Pradesh 


Table 1. TL and C-14 dating of archaeological objects 


TL laboratory Sample description 


<Vge in years 


C-14.e8timate TL estimate 


Bhabha Atomic 
Research Centre. 
Bombay 


PhY.5ical Research 

Laboratory, 

Ahmedabad 


Kankar nodules in a 
buried soil profile in 
the Narmada river bank 
near Dhegam. Guiarat 

burnt clay trom a 
pre-histor4c cave at 
Mucnchatta Chmtamani 
Gdvi in Andhra Pradesh 

Ochrr colour pottery 
from Sringaverpura 
(associated with the 
Ramayana period) 


22452 ± 550 
(C-14) 


Uppei paler;- 
lithic 

010 , 000 ) 

Pre-3000 


^2^300 ± 8°o 


173'J0 1 10*^ 


2900 ± 380 

















Fig.dAfigurt 
(front and bottom) 
claimed to belong 
to the Hacilar 
Style, Turkey. TL 
studies (note the 
drill hole in the 
buttock for 
sampling) proved 
it to be a recently 
fired specimen. 
(Archaeometry 
2 (1971), 89-141, 
plate 14) 


and poticrv irom a Ramayumi site in 
Uttar Pradesh, aecuraie age esti¬ 
mates v\ere not available at all. 

The grcHlesI impaet ol ihcrnu)- 
lumiiicseeiKv dating has perhaps 
been on the aulhenlieation dI art 
objects, that is, dillereiitiation be¬ 
tween take and genuine objects. Just 
an estimation ot the archaeological 
dose will tell whether an object is 
gcnuineoi not. rhernioliiininescence 
studies ha\c alread> proved that 4S 
of the 60 vessels and figurines 
claimed to have been irom Maeilar in 
Tukey, and belonging to the pie- 
histonc period, vveie modern lakes 
(Rg. 9). Excavations near I lacilar in 
the late IM^Os had revealed the site of 
a pre-histoi ic settlement belonging to 
the sixth millenniuni U( with a dis- 
tinciive style of gre\ and painted 

C otterv and figurines. Rut iloubts had 
een laised about the authenticity of 
some of the vessels claimed to be 
fiom I lacilar which had passed into 
miblie arul private collections in 
hurtipe .ind America. I'heie were 
fissures on the surtiiee ol the painted 
decoration not previously noted on 
pre-histone pottery and there was an 
apparent contiasi in tfie fabric be¬ 
tween these and the (uiginal vessels. 
What complicated the matter further 
was that genuine obfects fiom clan¬ 
destine excavations aiouiul flacilar 


these arc not yet popular with them. 

Applications in geology 

riiough dating i.s the main applica¬ 
tion in geology also, there is a serious 
limitation—thermolumineseence 
saturation encountered in a majority 
of the situations. As we have seen in 
radiation dosimetry, most of the 
materials exhibit thermolumines- 
cence saturation around a dose of 10* 
rads (Fig. 7 ). And, unlike in 
archaeology, such a dose will be 
easily reached in geology as one is 
dealing with self-irradiations extend¬ 
ing up to billions of years. Mepce thei- 
moluminesccnce dating holds out better 
promise only in Quaternary Geology, say 
up to a million years. 

I'hc dating principle is the same as 
in archaeology but the starting point 
of the I t. clock here will have to he 
cicaily ascertained ( akin to the kiln¬ 
firing ol potteries), bvents w'hich can 
be dated in geological applications 
arc the lime of crystallisation, lime ot 
sedimentation, time of volcanic erup¬ 
tion, time of any geothermal event, 
etc. In India, the age of monazite 
deposits along the Kerala and Tamil 
Nadu sea coasts as well as the age of 
radioactive minerals in Singhbhum 
district, Bihar, have been successful¬ 


ly dated to be respectively 44+12 
million years, 118 + 120 million years 
and 940 + 160 million years, respec¬ 
tively. 

But thermoluminescence-dating of 
geological samples has consistently 
shown a peculiar pattern; the ther¬ 
moluminescence-estimated age com¬ 
es out very much lower than the 
known age of the simples, even 
when there is no saturation. Why is 
this so? It has been now realised that 
even a few parts per million level of 
alpha-emitting impurities like ura¬ 
nium and thorium continuously cre¬ 
ate new traps (see box on p. 14) by 
alpha irradiation over millions of 
years, and this means that the ther¬ 
moluminescence storage capability ot 
the material has been continuously 
changing with time; in the absence of 
a standard radiation calibration, any 
evaluation generally leads to under¬ 
estimation ol the actual age. 

tiven with this uncertainty, ther- 
moluniinesccnec dating in geology 
can be significant where relative dat 
ing of a given series ot 'samples from 
the same location, say, samples dril¬ 
led from the deep sea, is con¬ 
cerned. For, the relative dating will 
still hold good, and the rate ot 
fornialKMi of a sea coast or the rale ol 
sedimentation in sea beds can 
be worked out. Two typical 
Indian examples can be cited. Ther- 
moluminesccncc dating results from 
the Arabian sea core samples off the* 
I'arapur .sea coast m Maharashtra 
showed that the depth wise pattern 
pointed to a probable geological fault 
at the period corresponding to about 
1600 metres depth (F'ig.12). Tectonic 
activities had been predicted earlier 
by geologists based on other conven¬ 
tional considerations and the thermo- 
luminesccnec results now provide a 
direct evidence. The sand deposition 
rate at Pondicherr>' beaches has also 
been estimated, using thermo- 
lumincsccnce techniques, to l)c about 

cm per thousand years. 

Besides dating, either absolute or 


W'cre also coming into the antiquities 
market. Sixiv six obiects in the Haci¬ 
lar style Irom various coiled ions 
were, thereloie. thermolummesc- 
ence-daied by the Oxford group, and 
48 turned out to be forgeries. (\)n- 
versdy, famous ‘(ilozel con- 

trovg|iy^||||:^^ lange of baked clay 
tablets rmo jars unearthed by a lar- 
mcr at Glo/el in I rance in the B)2l)s 
were branded a hoax by archaeolog¬ 
ists, but have now been found, by 
ihenTuiliimincsccncc dating, to be a 
■ little ovei 2000 years old. T he con- 
tioversy, howevei, lingers. 
Archaeologists do not seem to have 
come -to till I grins with thermo- 
luminescence Iccnniqucs, and so 








Fig. 10 Some 
archaeological 
objects from 
Glozel, France 



relative, thermoluminescence can 
also be used to determine the genesis 
of the geological formation of a 
mineral. It is possible, for instance, 
to identify calcile crystals of hyd^ 
rothernial, metamorphic and 
sedimentary origins from the ihermo- 
luminesccnce glow curve pattern, 
that is, either the appearance of 
entirely new peaks or differences in 
the relative heights of pairs of ‘in* 
dicator' peaks. Similarly, the dia- 
genetic (process of lithification after 
sedimentation) status of limestones, 
the degree of dolomitisation (pro¬ 
cess of replacing calcium by magne¬ 
sium in caldum carbonate) of caJates, 
I dative amounts of manganese and 
magnesium in do1(»mites can all be 
inferred from a thermoluminescence 
glow curve pattern comparison. 

I wo important* areas of geological 
applications where the potentialities 
of thermoluminescence techniques 
await to be fully exploited are ore 
prospecting and earthquake predic¬ 
tion. A rock is an assemblage ot 
minerals and thermoluminescence 
Irom a rock is due to one or two ot 
the minerals in it which arc tliernio- 
lumincsccnee-sensitive. The growth 
ol an ore dcpositc will affect the 
mineral eonstituents of the loeks 
around it vonsistentiv. The thermo- 
luminescence of the rock samples 
will,. therelore, either stcadilv in¬ 
crease or decrease towicrds an ore 
deposit, dcpcfiding on whelhei the 
t he r moI u n 1 incscence-sensi 11V e mate¬ 
rials have been “enriched ' or ‘ de¬ 
pleted” in the original mineral 
assembly in the rock. Ilie location ol 
an ore body can be identified from 
analysing the pattern of thermo 
luminescence intcnsity/sensilivii) or 
any thermoluminescence anomaly m 
a region. In the case ot radioactive 
mineral deposits, the judicial use ol 
very sensitive environmental n.Ds 
may lead to the location (»l the ores 
With thcrnioluminesccnec phosphors 
like CaF 2 :Dy or CaS 04 :Tm which 
have enhanced response to alpha 
radiations, it may be possible to 
delect distant uranium ore bodies by 
registering the alpha exposures from 
the diffusing radon gas. Thermo- 
luminescence will be cheaper than 
chemical analysis methods foi min¬ 
erals. 

In areas chronically subjected to 
earth tremors, rock bursts, faulting, 
etc, pressure builds up considerably 
in the earth befoic they occur. If a 
convenient thermoluminescence- 
sensilive mineral occurs abundantly 
in such a region, core samples can be 
removed periodically to examine 
their thermoluminescence. Pressure- 
induced changes in thcrmoluminesc- 
ence patterns can be easily identified 
and an impending ‘tectonic disturb¬ 


ance* can be foretold. Alternatively 
pairs of environmental I'LDs, one 
pre-exposed and another clean, can 
be planted at various exploratory 
bore holes in a region and retrieved 
periodically to examine the thermo¬ 
luminescence patterns; a systematic 
depletion of thermoluminescence in 
the pre-exposed ILD from its initial 
level or a build-up at a rate over and 
above that due to environmental 
radiation will indicate a ‘pressure 
build-up' and hence an impending 
disturbance. These techniques have 
not been used in practice yet. Appli¬ 
cations of thermoluminescence tech¬ 
niques may help in regions in Assam 
which are prone to earthquakes and 
in mining regions in the KoJar Gold 
Fields where rock bursts have been 
reported. 


Fig. 11 The plate represents an aulolurninu- 
graph of a design, the emblem of the 
Indian Association for Radiation Protec¬ 
tion, made of irradiated Tl phosphors and 
subsequently heated. White (Ca SO 4 : Dy), 
violet (Ca SO^-Tm), green iCaF, Mn) and red 

Forensic science 

A major task in forensic science 
laboratories is to identify an evidenti¬ 
ary material with a similar material of 
known origin. Some of the common¬ 
ly encountered contact traces in cri¬ 
minal cases are glass pieces, soils, 
etc. But, quite often, the material 
available as evidence is very small in 
quaility. Evidently, thermo¬ 
luminescence can offer an effective 
tool in such comparisons and “source- 
identifications”. Though very few 


attempts have been made so far in i 
analysing evidentiary materials this , 
way, available results indicate that 
thermoluminescence can be used as • 
an cxclusory evidence, when ther¬ 
moluminescence patterns do not : 
match, it can he said with reasonable , 
confidence that a particular source is 
not connected with the evidentiary 
material. Thermoluminescence ; 
analysis of autolamp glass covers is 
likely to get popular in solving ‘hit- 
and-run’ traffic accident cases. 

Thermoluminescence techniques 
have not yet found popularity in 
quality control or chemical analysis 
although possibilities exist in selected 
cases. For example, the feldspar con¬ 
tent in ceramic products can be ide¬ 
ntified by measuring their thermo¬ 
luminescence after artificial irradia¬ 


(CaCOj:Mn)The changes in TL emission 
colours induced by different activators in 
the same host lattice and the same activa¬ 
tor in different host lattices are amply 
demonstrated. 


tion (thermoluminescence will be 
directly proportional to the feldspar 
content at trace levels). Certain sur- 
tacc catalysts like aluminium oxide 
can be quickly and efficiently evalu¬ 
ated by their thermoluminescence 
sensitivities as lattice defects 
which cause adsorption reactions. 
In such eases, ii will be necessary to 
monitor the glow curve pattern 
rather than only the net thermo¬ 
luminescence output. Recently, it 
has even been shown in the case of 









•8 palaeontological age do not show a 
uniform increase, a break, indicated 
around 1600 metres depth, is being associ^ 
ated with a tectonic disturbance 


f 


textile fibres that the low tempera¬ 
ture thcrmoluminesccncc glow curve 
(the fibre is cooled to, say. 77'K, 
iriadiaicd, and then warmed lo room 
temperature simullanet>usly record¬ 
ing the thcrmoluminesccncc output) 
changes can be airrelated with slruc- 
lurc dificicnccs and/or chemical trac- 
Cl impurities. 

Meanwhile. X*rav excited optical 
luminescence f\I ()l ) is fast heeommg 
a sensitive analytical tool in pure che¬ 
mical analysis to detect elemenis like 
lanthanides (I a. (V, F^r, Nd, etc), 
silver and manganese at parts pei 
billion level (KF’ gm/gm) in certain 
malriecs. I his .Moi will have a 
close eon elation with thermo 


luminescence in quite a few cases 
(Xhoi i.s thermoliiminescence at 
room temperature) and if the glow 
curve patterns are well cstablisned. 
XF'.OL analysis can he made at a 
judiciously chosen elevated lempcra- 
ture which will improve the luminese- 
ence output. Fhis w ill help detect still 
lower levels ol material contents. 

The future 

Thermolumineseenee studies in re- 
cent limes have become mcrcasingly 
popular (Raman Effect in earliei 
years is perhaps the only parallel). 
And the trend is likely lo continue in 
the near tuture. I'o cite some latest 
developments, one can take the 
biological anvl biochemical systems. 

I hermolumineseence results ctmld 
indicate the pcK^rei stability of ben¬ 
zoic acid when m the ortho lorm, the 
radiation damage in nucleic acids and 
proieins. the inieraelion between sail 
and piotems, and so on. Iheimo 
liimineseenee patterns ol bones and 
teeth have also been recorded re- 
eentlv and this hokis out promise in 
loiensjc seieiiee a|)pliealions and dal' 
mg. As lor basic research. Iiiliiic 
work should be direcicti to gel more 
insight ml** the I Kipping parameters, 
il the Ihermolumineseence [moccss is 
etrnsideieci to et>nsisi o\ three siages. 
ot eneigv absoij)lion. siorage and 
siimulaled emission, it is the trapping 
paramets'rs (which dictate storage) 
that have remained impregnable lo 
analysis. The iillimale aim will be to 
be able it) prediel Ihe thcimo- 
himmescence chaiacteiislies ol a 
material lioni a knowledge ot some 
of its critical physico-chemical pro¬ 
perties. 

Dr Narnbi leads the 
Thertnolurninescencf? 

Dobirnetry Group of tho 
Health Physics Division 
of the Bhabha Atomic 
Rcseaich Centre, Bom¬ 
bay After obtaining his 
PhD m physics frorii 
Gujarat University, he 
was a Research Scholar at the Research 
Reactor Institute, Kyoto University. Japan. 

Recommends reading 1 . Me Dougall D J 
(ed). Thermaluminescerwe of Geological ‘ 
Materials. Academic Press, UK, 1968. 2. 
Proceedings of the National Symposium 
on Thermoluminescence and its Applica 
tions, BARG, Bombay, 1975. 3. Nambi. K. S. V.. 
"Thermolumineseenee-- its Understanding 
and Applications ', Institute de Energia Ato- 
mica, Sao Paulo, Brazil, Rept. IEA-54 (1977) 
4. Thermolumineseenee Dosimetry, and 
Applications", special issue of the Bulletin 
of Radiation Protection. The Indian Asso 
ciation for Radiation Protection, BARG. 2 .4 , 
1979. 5. Me Kinlay, Thermolumineseenee 
Dosimetry. Adam Hilger, UK, 1981. 6. 
Oberhofer and Scharmann, Applied Ther¬ 
moluminescence Dosimetry, Adam Hilger. 
UK, 1981. 


gating deserts 

Thi; anlK|uity of deserts, (Kvupying 
; nearly a fifth of the global land area, has 
remained a polemical issue. For exam¬ 
ple, the cslintates for the origin of the 
That desert in India range from several 
.j^liitusands ii» a tew hundred years. The 
;implieuti(ms of such an assessment are 
linormous. If it can be conclusively estab- 
' Itihed that the deserts arc of a recent 
^origin, it would necessitate immediate 
’imd effective remedial measures lo 
;|evcrse the trend ot increasing deser- 
^iftcation. On the other hand, if they are 
i'o^ind to be of a distant origin, eco- 
pianning will have to be done on a long- 
ttjrra basis. Such sttidies on the global 
problem of advancing deserts have been 
‘^^vtrely handicapped in the absence of 
my reliable temporal hamework. 

Deserts have nothing to oiler except 
'.'the sand that constitute them and thus no 
conventional Tadiomctric technique can 
be Hpphed. It now seems possible that 
/ime can date the deposjiional event of 
.1 h c s e sediments with t h e r - 
'Urtoiiimincscenec. At the PRl., we have 
^recently developed this application with 
^encouraging icsults. With this dating 
took scientists siudviiig paiacocitmutc. 
dune-dynamics and land-use planning 
, Will receive a powertiil support. 

However, a ijuesnon aiiscs. How can 
one dale a sand sample without any tir¬ 
ing (analogus to kiln-liiing in the case of 
vUrehaeologieal objects)'^ How docs the 
geological theimoliimincsccnce in the 
sands gel erased'^ Although there is no 
gnalogus tiring event in the ease of sand 
.dunes, the Sun does the trick. The 
.exposure ot sand grains to sun during 
their weathering and tiansport results in 
The hlcaching ol their geological thcr- 
nlolumincseenee. This bleaching, 
though not complete, is etlcctix e enough 
. to reduce the iherniokmnncsecncc level 
(o a small residual value. Tliese sand 
grams, once embedded in a dune, get 
Khiclded from lurtlier exposure to sun, 
and thereaitei Mart aeguinng ihcr- 
nndiinnneseenee due to ladiallon 


exposure from their new environment, 
over and above the predepo^itionaf 
ihcrmolumtnemnee . level. Thus the 
thermolumineseenee that is measuredjn 
the laboratory (Imu) comprises both: (i) 
the predepositionai iH^moluminesc- 
ence do); and (ii) thermpiiiminescence 
acquired by the sample since its shield* 
Hig from suh (I 4 ). that !s^ «lo la. 

Thus sediment thermolumineseenee 
(id), when scaled by the appropriate 
annual rate of thermolumineseenee 
acquisition, provides die date of the 
dcpositional event. Careful laboratory 
simulation of sunbIcaching and calib¬ 
ration experiments enable an estimate of 
predepositional thcrmoluminesccncc 
level and this when substracted from the 
observed rhermoUiminescence gives the 
thermolumineseenee acquired in the 
sediment. The annual rate of thcr- 
moluminescencc acquisition, thin is, the 
annual radiation rate, is worked out by a 
labirratory estimation of the natural 
radioactivity due to uranium, thorium 
and po(as.srum, .using standard techni¬ 
ques. 

This technique has been applied lo 
three sites in the Rajasthan desert, 
Amarpura (Didwana), Bagor (BhiE 
wara) and tanghnaj (Gujarat), and the 
(Jutes obtained showed an increase in 
thermolumineseenee 
with the depth of the dune. They also 
suggest a very gradual accretion of the 
dune sand. Thermolumincscchce age 
estimates agree with radiocarbon and 
urchueological dates of the samples. 1 'he 
method can be applied to any windblown 
dep()vits that can satisfy the criterion of 
sunblcaching. 

Thermolumineseenee techniques have 
also been used to study meteorites and 
lunar samples. 

A. K. SlMGHvi 
D. P. AQBAWAt 

Dr Singhvf Dr. Aprawal M with the 
Physical B'eaaareh Lftboratory, 
Ahrhedabad. ■ ^ 





TREES AS DUST-FILTERS 

T M. Das, A. Bhaumik, A. Ghosh and A. Chakravarty 

By filtering dust, trees and grasses help keep the air clean. But, there is a threshold limit 


D ust has been known to 
Hiucl several thousands ot 
nules, across deserts and seas. Air- 
hnine particles oi the Saharan sands 
^loss the Arabian Sea and reach 
India. 1 hough dust particles provuie 
nuclei lot cloud formation, they can 
be a nuisance to certain industries 
icquiring aseptic and clean envi- 
lonment, like the different chemical 
uid microbiological units manu- 
l.iciuiing drugs and food processing 
plants. They can also be a health 
hazard at times. Recent rcscaich indi- 
cales that dust particles can lead to 
allergic ashtma, bronchitis, cmph>- 
''cma and even fibrosis of the lungs. 

Man\ e.\periments have been 
designed lo record dust pullution 
lc\els inside and outside green areas. 
1 or Hyde Park, a square-kilometre 
sMcen area in the heart ot London, an 
average of 27 per cent reduction in 
Miioke concentration has been found. 
A study in the Soviet Union was set up 
io find out which tree geneia exert the 
maximum filtering effects. For this 
purpose, dust per unit area of leaf sur- 
l.tcc was weighed. The results showed 
that the best vegetative dust filters 
were lilac with 2.33 grams per square 
metres of leaf surface (g/m‘); maple 
with 1.11 g/m^ linden with 0.61 g/m-; 


and poplai with 0.26 g/m*.. It was 
lomul that 400 popLiis. the poorest 
du^t colicclois in the above study, 
could still Idler out 0.37^ tonne o\ 
tiust in the leaf-bearing season. 

Air IS a strange mixture ot oxygen, 
nitrogen, cat bon dioxide, water vap¬ 
our, traces of other gases and solid 
paniculate matters. A huge quantity 
i)\ fine solid particles ot diverse chemi¬ 
cal nature always remains suspended 
in the air. An is also the natural 
medium tor dispersal ol spores, pollen 
grains, mvcellia, bacteria and vimscs. 
When an air current passes through a 
tree, some of the solid suspended par¬ 
ticles adhere to the upper ot Unver 
surface ol leaves, others arc bounced 
back and become air borne again or 
get deposited at the base of the tree, 
depending on the size, physical- 
chemical character ol the particle, 
velocity of wind and the nature of the 
surl.ice of contact. 

To estimate the dusl-fillering capac¬ 
ity of diflcienl avenue trees, a study 
was carried out at the Pollution 
Research Laboratory, College of 
Agriculture, University of Calcutta. 
The leaves of different species grow¬ 
ing in the same area and approxi¬ 
mately same age were carefully 
collecied. Deposition of dust per unit 


area ol the leaf surface w as measured 
by removing the dust particles from 
the upper as well as lower surface of 
the leaf with the help ol verv clean, 
camel hair brushes and using a chem¬ 
ical balance (electrical) wdiich weighs 
up to the fourth decimal place. 

Obviously, ever-green trees with 
smooth or hair> leal surlacc, like 
mango or fig, arc lx:tler dust c<iIleetors 
than deciduous trees with compound 
leaf, like margosa or Indian labur-. 
num. Simple leaves are better as dusj 
collectors than compound leaves. In 
this regard peepal (I'taLs), mango {Man- 
^ifvra), leak {I'cctona) anu mast 
(i\ilyuhliia) are belter dust collectors 
than the lliimc ol the forest {Butea 
frundosa) and gold mohiir (Poindaiia 
rcf*ta). The upper surface of the leaf 
eollcels most of the dust particles, but 
the lower surface also collects an 
appicciablc amount. Though the 
compound leaves oi needle-shaped 
leaves of pines are rather poor dust col¬ 
lectors, these leaves exert a significant 
filtering effect w'hcn an air current 
passes through their dense foliage. 
They act like a sieve, separating the 
suspended particles ot the air by offer¬ 
ing physical obstruction. 

The dust sample collected from the 
leaf surface of avciuic trees also has 
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; been subjected to chemical analysis. 

>. Major and micro nutrients of plants, 
like nitrogen, phosphorus, potassium, 
calcium, magnesium, iron, man¬ 
ganese, copper and zinc as well as 
toxic chemicals like aluminium, cad¬ 
mium, arsenic and lead have been 
found. The former are known to play 
a significant role in the metabolism of 
the tree, though the toxic chemicals 
may have adverse effects on plants. 

Dust absorption grasses 

Unlike leaves which have a distinct 
top and lower surface, mono- 
cotylcdonous plants like grasses 
including cereals have erect (isobilat- 
eral) leaves. Consetjiicntly, a con¬ 
siderable amount of solid particles fal¬ 
ling on the leaves, slide down and get 
deposited at the base of the leaves, 
where copious and numerous unicel¬ 
lular hairs—auriailar hairs—are present 
(Figs. 1, 2). Microscopic obscr- 
' vation reveals a dense accumulation 
of dust particles on the surface of 
these hairs. It seems that these unicel¬ 
lular hairs absorb water and salt sol¬ 
ution. This can be easily demon¬ 
strated under the microscope by 
mounting a microscopic section of the 
leaf base on a slide and then addin^ u 
drop ol water or miouring matter like 
neutral red with 0.003 molar calcium 
chloride solution to the tip of the hair. 
These hairs act like needles of 
hypodermic syringes, and suck the 
water or colouring matter very 
rapidly. Gaseous exchange also takes 
place through these hairs, which is 
revealed by the appearance of air 
bubbles in the liquid column inside 
the hairs. When the hairs were treated 
subsequently with calcium chloride 
solution and oxalic acid, crystals 
of calcium oxalate formed inside the 
hairs, indicating the uptake of both 


Peepal (Ficus rehgiosa) with )arul fLarget- 
stroemia flosregmae) m background 




Table 7; Dust filtering efficiency of different avenue trees. Sampies were collected front 
Indian Botanic Qardan, Shibpur, Howrah. 



Dust per sq m 
on upper leaf 
surface 
(grams) 

Dust per sq m 
on lower leaf 
leaf surface 
(gramsf 

Total dust per 
sq m on leaf 
surface 
(grams) 

Trees with simple leaf 

Ficus religiose L 

2.56 

1.59 

4.1t) ± 0.07 

Peepal (Aswatha) 

Ficus infectoria Roxb 

2.64 

1.45 

4.09 ± 0.08 

Pakur 

Ficus benghalensis L. 

2.71 

0.88 

^3.bS ± 0.06 

Banyan 

Tectona grandis L.f. 

4.10 

1.25 

5,35 ± 0.12 

Shoraa robusta Gaertn. 

Sal 

3.40 

1.10 

4.50 ± 0.09 

Terminaiia arfuna Bedd. 

3.25 

1.24 

4.49 ±0.10 

Arjuna 

Polyalthia longifotia Benth & 

3.92 

0.64 

4.56 ± 0.09 

Mast. Oebdaru Hook 

Mangifera indica L. 

2.50 

1.56 

4.05 ± 0.06 

Mango 

Lagerstroemia ftosreginaa Ritz. 

2.82 

1.22 

4.04 ± 0.03 

Jarui 

Bauhinia purpuria L. 

2.70 

1.20 

3.90 ± 0.13 

Kachnar 

Anthoeaphalus cadamba Miq. 

2.42 

1.16 

3.57 ± 0.08 

Kadamba 

Thespesia populnea So land 

2.82 

0.71 

3.63 ± 0.07 

Tulip tree 

Trees with compound leaf 
Saraca indica L. 

2.56 

1.22 

3.78 ± 0.08 

Asoka 

Butea frondosa Roxb. 

2.20 

0.85 

3.05 ± 0.14 

Flame of the forest (Palas) 
Aiadirachta indica A. Juss 

2.20 

0.72 

2.92 ± 0.13 

Margosa fNim) 

Cassia fistula L. 

1.82 

0.42 

2.24 ± 0.09 

Indian laburnum. (SondaO 
Tamarindus indica L 

1.56 

0.52 

2.08 ± 0.08 

Tamarind 

Poinctana regia Bojer 

1.12 

0.32 

1 

1.44 ± 0.07 

(Syn. Delonix regia Raf.) 

Gold mohur (Gul mohor) 




figures are avi»rage per ten repJi^liDn 




the solutions by these hairs. Hence, 
the carbohic acid which is formed 
from water and carbon dioxide during 
plant metabolism helps to dissolve 
and ultimately absorb some chem¬ 
icals accumulated at the leaf base 
Microscopic studies of the leaf 
surface, after heavy spraying with 
dust particles on rice plants, also 
revealed that the deposition of par¬ 
ticles on the leaf surface was nol 
uniform. Particles were concentrated 
heavily on the slomalal pores (small 
pores on the leaf epidermis of higher 
plants through which exchange of 
gases and water vapour lakes place) 
and thinly outside the pores. A large 
quantity of air continuously enters 
into the plant through these stomatal 
pores. If the air is not clean and con- 
lams dust particles of various si/cs, 
obviously particles larger than the 
diameter of the stomatal pores tend 
lo pile up on the orifice oi llie pores 
and interfere with the gas exchange. 
Ihis in its turn may aficet photo¬ 
synthesis, water relation, respiration 
and the overall growth of the plant, 
'this ma) also produce various 
deleterious effects on the normal ph\ - 
sitalogical functions of the plants. 
Llltimatcly, the particles may even 
enter the leaf by dissolving in watei 
and carbonic acid, discharged at the 
stomata. As the chemical nature ol 
particles is extremely diverse, a senes 
ot synergistic reactions may occur 
among these particles affecting the 
physiological tunctions ol the plant in 
a more complicated way. 

riic problems of air pollution are 
not new; both plants and animals have 
several adequate built- 
in mechanisms to encounter it. The 
evolution oi ciliated epithelium, the 
protective lining covering the 
respiratory passages of higher ani 
mats, the nostril hairs and the slruc- 
lurc of nose in man are a tew of such 


A common orchid 




A popular Indian avenue tree™ Indian laburnum (sondal)—Cass/a fistula 



Photomicrographs of ijunrular fitiirs of ncr? 
plants showing deposition of dust particles 


adaptive mechanisms. Grasses arc 
considered as a highly evolved groups 
of plants that appeared at the later 
stage ol evolutionary history and by 
that time the atmosphere of the world 
had already been polluted. They are 
more resistant to adverse environ¬ 
mental conditions, and have adapted 
to exploit the polluted condition of 
the air lo some extent. The auricular 
hair of grasses, acting as an adaptive 
organ, absorbs some amount of the 
major and micro nutrients from air. 
The erect structure of the leaf further 
increases the efficiency ol this organ. 
Perhaps, these adaptive mechanisms 
evolved due to the intense selection 
pressure induced by the pollutant 
itself. 

A parallel example of the utilisation 
of polluted condition of the air by 
the plant can be cited from orchids. 
Orchids are also highly evolved plants 


and appeared at a more recent period 
of evolutionary history. Orchidaceae 
family with its 25,000 species a)mprises 
the largest family among the flow¬ 
ering plants. Most ot the members 
being epiphytes, they grow non para- 
sitically on other plants but collect all 
their major and micro nutrients from 
the air. Epiphytic habit is also present 
in some members of pineapple family 
(Bromeliaceac) and arum family 
fAroideac) as well as in some epiphy- . 
tic ferns, like Platxceriiim hillii. If the 
air of the ancient world were perfectly 
clean, perhaps these epiphytes would 
not have evolved. Alternatively, we 
would have some other plant forms. 

The grasses, epiphytes and tall trees, 
by offering various self-cleaning 
mechanisms, have been maintaining 
the purity of air through ages, and 
thereby maintaining the balance of 
nature. But the self-cleansing mechan¬ 
ism has always some definite 
thrc.shold limit. At some degree of 
accumulation of toxic chemicals in the 
plant, the self-cleansing powers are 
exhausted. It is, therefore, left to us to 
find out these threshold values with 
different species of plants for di^ 
ferent pollutants and their synergistic 
effects on various physiological func¬ 
tions. Researches on this line would 
help us to formulaic the strategy of 
survival of life on an infinite time 
scale. 

Dr. Das is Professor of Plant Physiolo- 
gy, College of Agriculture, Calcutta Univer¬ 
sity. He has been working on the effects of 
pollution on plants for the Iasi ten years 

Mr Ghosh, Mr Bhowmik and Mr Chakra- 
varti are the research associates of Dr Das 
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Sfellar Rotation 

L Mestel and R. C. Smith 

Young stars rotate faster than the old ones, but 
there are some puzzling exceptions 

T HI: sliiiulitril theory ol stellar rately, inlormation about the ihstri- 

sl rue! lire and e\’oliilion assumes but ion of V —lor example between 

that stars are spherical and so stars ol diflereni type—has to be 

non-rotating. I he theory has been statistical (on the assumption that the 

leasonablv suceesslul in explainine roiation axes o\ stars are random!) 

the eeneral lealuies ol normal stars oriented in the sky). (However, 
In a plot of lumiiiosit\ aeainst surface ultra-violet spectra of hot stars 

leinperatine tiu I lei t/sprunu- oblained recently from satellites 

Kiissell tliaeiain (p J4) -most stais show that rotational broadening de¬ 
al e louiid to he o\\ A narrow strip creases at short wavelengths, and 

called the nmifi sa/ucftic, with the theoretical interpretation of this 

hot (earl)-typeI stars being more etieel may enable separate determi- 

luminoiis than the cool (laie-lvpe) nation ol I and sin /J 

st.irs. Stais aie believed to spend ,, ... , 

most .)t Ihdr lives on ilie ni.un I he most sinkms- Imn.d pencral- 
sei|i.oiKc. comertinu hvJionen to '''='"‘’1 tlie much 

hchimi in the central reiiioiis I he tiiiili' r mean I lot earl\-t>pc than lor 

other m.iin jiioup ot stars the lale-t\pe stars (l ij;. 3). I he elleet is 

ei.mis—arise natiiralls liom the e\o- siionjiesi loi mam sci.|iienee stais, 

liilion li>lli>wini’ exhaustion •>! ihe but noimai cool giant stars also show 

icnlral Indioren h>wer n»tations than hollei stars. Ihe 

However, eve i si nee (iahleo pick ptiysieallv sit-nilicant i|uanlil>—the 

eJ up Ihe motion ol sunspots m his f'.uular momentum per urn: mass- 
leleseope. we have known that the '• '’''•"'P •h'-- ni.un 

Siin lotiites. ihoueh it was neaiK sekjuenee at about 1.5 stdar masses, 
iluee luiiKlieil ve.irs beloie tiK iota tomCKlmi; .ippio\miatel> with the 
lion ol oihei stais was ileiecletl Ills iransition lioni stats with sironelv 

now IxHieveil 111.It all sl.iis have some coiiveelive envelopes (low m.iss) to 

loialion. Ihe evklenee comes pii ""h stable envelope,, witli 

m.mlv liom the Doppler broademni: mihative eiieiev ii,msp..it dommai- 
o| speclial lines. I'his iiaiisloims a I’ 

.IcL'p iiaiiow line into .1 saiieei shape siais with .m esM iilial ilepartiiie 
'liir I) sv) eiiabliiii! ns to inlet r sm irom .uisvmmeiiv enable us to 
! where I' is the cvjualon.il lotalioii measure vliieellv the aiiimlar veloeitv 
^peed and i is the ineluialion ol the tii - 2.7’!. wheie 1 is the penorl ol 
lolaiion axis to the line sight. As 1 ' the non axisvmmetrie leatuie. 'Hu 
and i eannnt usuallv be found sepa* earlv-l\|X‘ stiongK maiinetic stars 
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la. Ttie effort of rotmioo on stoHiu rotation axis to the line of sigh! If the star is 

J'liGLtra IS to broaden Ihe spectral lines If n rotating with its axis perpendicular to the 

star rotates, radiation emitted from the pari line oi sight, maximum widemng of spec 

of tfie surface moving towards the ohsoi tral lines occurs Since the line broadening 
vt‘t ts blue shifted whereas the radiation depends upon the total difference between 
born the recoding surface is red-shifted the equatorial velocities at Ihe approaching 
^Since the observer sees the surface from and receding limbs, no broadening is srren 

the whole disc of the star, the observed if the rotation axis is along the line ol sight 

■-.pectral line is broadened by an amount as the equator of the star is then m the 

depending upon thej inclination of the plane o? the sky 


show viiriutions in (he Zeomiin split- | 
lings of their spcelral lines 
I hut ure periodic, ihinigh iiol sinu- n 
soidtil. I’hcse variations are most , 
easily interpreted in terms of the ■ 
ohiiqite rotnttn' model (Fig. -t) with a J 
magnetie field ‘'fro/en' into the ' 
highiv eondueling stellar gas and so • 
roiaiing with the star, but with the ^ 
field axis inclined tt> the rotation axis. 
I'hese stars are a sub-elass of the 
Ap"-“peeuliat A"—stars: Ihe samt? ■ 
periodicity is picked up in the spec- ^ 
irum and luminosity. With the radius 
estimated trom the luminosity and 
surface temperature. Ihe rotational 
veloeitv IS then ealeulaled. It is found 
that these stars rotate significantly 
more slowly than the norma! A stars: 
periiKls ot 5 or ID days .ire tvpieal, as 
eompated with an inferred mean . 
period 1 = 2.7R \’ ot about a day for 
the normal A stars ol liidius R. 
riieie is even a hml that some 
pulsaliim stars ma\ he t»bli(|ue rota- 
lt>rs Ihe siai KK l.viae. the pro- 
tolvpe ol the shorl-perK>d variables 
Ivpiealh lound in globular clusters, 
sht>ws a modulaiH>u ol the luminosity 
and \eli>eil\ curves ovei .i period of 
seveial weeks. Ibis ma\ he explie- 



fig 1l> Those three spectra of A2 stars 
show the offects of rotation on stellar lines. 
Tfu* projoefed e(iu.aori«rl rotation vclocifies 
of Theta I corns (lop). Theta Andromedae 
(rnidriUd and Gan^ma Celr (bottom) are 0. 
125 anci 195 krti pf?r sec. respectively. The 
effect IS best seen in the inirinsically nar¬ 
row Mg II line 



Fry 1c The spectral hne irr a non rotating 
star IS relatively narrow and is about 10 A 
wide. Tor rotations of 234. 362, 560 km per 
sec the line is broadened more and rtrore 
and bcjromos shallower and shallower 
(less inKMise at ttte renloj 



Tassoui Theory Qf mtMjny atsrs. 





Surface temperature (*K) 


-10 


0) 

X} 

D 


<Q 

> 

B 

3 

O 

(A 

< 


4-10 


4 15 > 




6,000 


3,000 


1,000,000 

100,000 

10,000 



c 

3 

3 

o 

(A 


CA 

o 

c 

E 

3 


MO Spectral ckrss 
4 2.0 Colour index (B V) 


Fig. 2. The Hertzsprung-Russoll (HR) 
diagram is a plot showing the relation bet 
ween luminosity and surtace temperature of 
stars The other related quantities fre¬ 
quently used are the absolute magnitude for 
luminosity and the spectral type or the col¬ 
our index’of stars for temperature T he mam 
feature of the diagram is that stars lie m 
well-defined regions. The great majority of 
stars lie in a band, running diagonally from 
upper left to lower right, known as the mam 
sequence, and we deduce that all stars 
Spend a large part of their life on the mam 
sequence. During this time a star is essen¬ 
tially in equilibrium, with the energy radi¬ 
ated from its surface balanced by the energy 
generated by nuclear reactions in its 
Interior, and Its properties change only verv 
slowly The range of luminosity and temp¬ 
erature along the mam sequence is caused 
by stars having a range of mass the more 
luminous, hotter stars have systematically 
larger masses The time spent in the mam 
sequence band ranges from a few million 
years for luminous stars on the upper mam 
sequence to more than a few thousand mil¬ 
lion years for the lower mam sequ¬ 
ence stars. Tfie other groups in 


the HR diagram—giants, supergiants 
and white dwarfs—al.so represent com¬ 
paratively long-lived stages of a star's 
evolution White dwarfs represent a final 
stage of a star's existence when its nuclear 
resources are exhausted and it is slowly 
cooling They are faint because, although 
most of them have high temperatures, they 
are very small m size On the other hand 
giants are cool but enormous and so are 
highly luminous. Supergiants are rare but 
are even larger and more luminous than the 
giants Both giants and supergiants rep¬ 
resent an intermediate stage between mam 
sequence stars and stellar remnants like 
white dwarfs. 

Stars are born from huge interstellar 
clouds of gas and dust (see SciiNCt Today, 
April 1981, p. 35) These clouds collapse 
under their gravitational fields and form 
protostars As the protostars contract, the 
gravitational energy is used to heat the 
interior and to supply energy for radiation 
escaping from the surface. Finally the inter¬ 
nal temperature becomes so high that hyd¬ 
rogen burning into helium begins to supply 
the radiating energy. This defines the zero- 
age mam sequence (ZAMS). T Taur) stars 


are thought to be stars m the pre ZAMS 
phase of evolution. The mam sequence 
stars convert hydrogen into helium to main¬ 
tain their energy balance 

When all the hydrogen m the core luis 
been converted into helium, the outer 
envelope-which retains its original rnm 
position—expands rapidly and the star 
moves quickly to the right of the mam 
sequence and becomes a red giant stai 
What happ(Mis next depends on tfie initial 
mass of lire star and on how mucli mass it 
has lost, for example by stellar winds Star.^i 
with final masses less than about 1 4 times 
the solar mass probably end up as white 
dwarfs, with mean densities of about a ton 
per cubic inch Slightly more massive stars 
up to a maximum rtiass of about two solar 
masses, can end up as even denser star.s, 
called neutron stars, with a radius of only 
10 kilometres Rapidly rotating neutron 
stars which fiave very strong magnetic 
fields (of the order of 10'' gauss) rigidly 
linked to the surface art* supposed to emit 
radiation which arrives on the Earth as 
pulses with a very high degree of regular¬ 
ity. Such stars are called pulsars 


able in li.*rms ol I he hack-rciiciion 
of a pciKHlically Llislorlcd ma^inctic 
field, with tlu‘ long pcruHl variation 
just a manifestation of ehanging 
aspect of an oblit|Lie field as the star 
slowly rtdales. 

riie pulsar is probably the most 
spcelaeiilai e.xample vil the oblK|ue 
r<»taldi. Atter the disepverv o\ the 
pulsar in the CVab nebula, with its 


period ol 1/3(1 see, it was clear that 
the basic clock could hardly be any- 
lliing other than the rotation of a 
neutron star. The only other candi¬ 
date -a white dwarf, lypically with a 
mass close to the Sun's, and a radius 
comparable with the Farth s—when 
rotating at ihis.irequency would feel 
a eentnlugal foree some 10 times its 
self-graviialion; wlicrcas for a neut¬ 


ron star with a radius of 10 kms, ihe 
ratio would be about 10 \ (It is 
remarkable that we should have to 
describe this exotic body with such a 
short rotation period as a “slow 
rolatoi". hut this non-dimensional 
number is the only meaningful mea¬ 
sure of “last" or “slow"). Again, we 
pick up the periodicity because of an 
asymmetry—the obliquity of the axi.s 
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of the magnetic field which is pre¬ 
sumably essential for the beaming of 
the rauiation that we receive. 

Origin of stellar rotation 

It is hardly surprising that stars do 
rotate. A blob of intcrstellat gas from 
which a star iorms will certainly have 
a net angular momentum about its 
mass-centre, and it the blob were to 
a)iiserve its angular momentum dur¬ 
ing Its ct)ntraction, the ceiitrilugal 
loices ol spin would increase more 
lapidlv than the sell-gravitation oi 
the blob. In tact, if we adopt re.ilistic 
values, we are lorced to invert the 
(juestion. and ask rather how it is 
possible lor the blob to reach an\- 
svhere near stellar densities belore 
centrifugal lorces become so large as 
to interfere with the contraction 
Plausible answers can he lound. loi 
example, it is likely that during the 
early stages of star lormaliori. the 
torques exerted by the galactic 
magnetic field that threads the j>rolo~ 
stellar chnid transfer mosi ol ihc 
initial angular momentum mt(^ the 
surrounding gas Fveii so. the icm- 
nant angular momentum should still 
hi* high ('ouUl it he that all stars 


ir. 


Fiq 3 Dependence of lotational ve‘l()utv on 
spt?rital type, laken froit) (:atalof| 0 ''s by Abl 
and by Boyarchuk and Kopylov I uniinos 
'tv class V stars ;ire main seiiunnre stars 
and luminosity classes III and IV are ^lant 
■'tars Note the rapid deirease of rolalton 
volfjrity towards later spectral 1yr)t! The 
Sun—a G? star- has a rotation speed of 
only 2 km per sec, and this is typical for 
single late-type stars with deep convective 
envelopes. It Is believed that these en 
velopHs are responsible toi mass and 
angular momentum loss from late-type 
stars, which probably started their lives 


reach the main sequence as rapid 
fotalors, but Ihe cooler stars subse¬ 
quently suffer continual elficicnt 
braking? 

In the ease of the Sun we have 
direct evidence fn)m satellites. The 
hot solar corona drives the solai wind 
which streipns past the Ltirlh with 
highly supersonic speeds, and trans¬ 
ports away per second much more 
angular momentum than that c.inied 
by the gas as it leaver the sokii 
sinlacc (I ig. .">). Phis is again due to 
magnetic coupling: as long as the 
wind speed is below the Allven speed 
(the speed oi quasi-elastic waves- 
“.Allvdn waves'* —along magnetic 
field-lmcs). the magnetic loiques 
keep the gas more or less corotating 
with the Sun. Ihe convective en¬ 
velope is crucial, it generates the 
waves which propagate upwards lo 
l)e damped, so maintaining the high 
coronal temperature; and il is the 
locale ot the dvnamo process which is 
piesuinahly responsible tor Ihe su¬ 
per ticial solar magnetic field Studies 
of line broadening in late ivpe stars 
in the \<amg flyades and IMeiades 
clusters show that rotation is indeed a 
decreasing lunclion ol age (Pig (>). 


SpeUral lypit 

spinmiiq more* rapidly. Late-lype slars in 
biridry .syslorns retain tbeir rapui rotation 
Ijficaustj of the tidal influence of their 
(.ornpanions 

Although normal A stars rolaltj fairly 
rapidly, most peculiar stars like the rnrjtal 
lic-liriH Aiti stars and the magnetic Ap stars 
rotate slowly The reason for this is not 
clear Grant stars rotate more slowly than 
normal main sequence stars while super- 
giants in general show little or no rotation 
This is probably simply a result of conser 
vatlon of angular momentum as the stars 
expand away from the main sequence 



Fig. 4 In an obli(|ue rotator model, the Star 
IS assumed to have a magnetic, field with its \ 
axis inclined to the rotation axis Due to the ] 
presence of the magnetic field, lines in the J 
radiation spectrum fiom the stellar surface i 
are split into components by the so-called <] 
Zeeman effect The observer] magnetic- v 
field strength depends upon The angle 
between the line of sight and the field axis 
and IS modulated as the star rotates bO’ - 
cause areas of different field strength pass 
in f/ont of the line of sight If different 
regions of the surface have different com- t 
positions, ifien the spectium of the star 
vanes as tfie star rotates If the magnetic 
field IS static, that is, fioren into the star, 
then the magnetic field stiength and the 
spectral vailabilities are periodic v 

,< 

Indirect supporling cviiLncc comes " 
from the dcilmc ol vMirmm ucliMlv •- 
with ggc*. loi I his IS j mcasiiiv of the ; 
strength ol the dvmmio built iiuignc- 
Ilf lifkl, vviiifh IS fvpcvifil to decline 
with loss (il ungukii niomcniuni. 
llowfVfi. jvhmsiblf c\titq>oLirion < 
back lo the cpoih vvhfii ihc .Sun - 
at lived on ihu main sfe|ucncc, using 
(he L'v iilfiKf lri>ni ihv \oimg flusicrs. ^ 
Yields a ■ /cio-agf Sun lol.iling ccr- /; 
lamlv much laski ihaii .il picsent— . 
bv a l.icloi ifii Ol iwfiiiv hut still ' 
with the cf Mil ducal louf much less :■ 
lliaii the giav national loicc. ’ ' 

Phf ifsiili locussL's alleiiiion on 
Ihc pic main sequence phase ol .slel* . 
lai evohilioii I’l'ihaps all stm*s— : 
opaque sell'giav Haling hoilics in 
hvi-liosiaiie et|mhbiium did indeed r 
toim as lapid udalois bul during the, ■, 
slow eoni rail ion to the iiKiin sequ- ■ 
enee (at a rale lec.ulated In ladiation ' 
loss), luilhei amiiilai momentum re- ; 
disiiibuiion ocLiiis Ihe less massive.,: 
slais iiiiiv possiblv sullei excess brak- I 
iiig through a sfionglv enhaneed stel- ■ 
lar wind, ilriveii bv the violeiil lurhu- 
lenee piedieied bv ( I lavashi. A star 
which siill rclaiiis too much angular - 
momcnium loi loiiiIoit m,i\ fry and ' 
resolve the problem b\ the perma- ' 
neni coineision ol spin angular 
nii»mentum into oibii.d. loi example 








What are stars? 

A VIA R is a jjnscous body held together 
by the mutual gravitational attraction of 
its constituents. If orvly gravitational 
force existed, the star would collapse, 
but there is also the pressure due to the 
theimai monons of us constituent e)ee> 
trons and inns and the photons (rapped 
When pressure and gFiivitalion 
’ balance everywhere, the star is said to be 
in hydrostatic equilibrium. If the tw(> 
forces arc out of Valance, the ^tar will 
expand or contract. Stars arc in hyd¬ 
rostatic equilibrium lot most of their 
lives. 

; Rudiution is continuously emitted 
' from the stellar sui lace, and the fact that 
‘ ibe surface docs not cool down rapidly 
;;indieates that there must be some inter- 
;',nui source ol energ\ which compensates 
for the ladiatiijnal losses. Over most of a 
>Uar'shfe.eneig> is generated by nuclear 
l rcaciums (conxersion ol hydrogen into 
helium) m the stellar core and is tians- 
' piyried \o the siirlacc. The kiniinosity 
:(!-)—energy radiated pei second liom 
. the stcllai surtace—depends upon the 
si/e and the surtace temperature ('1 ). II 
. R is the stellni radius, 1. is diiectly piop- 
orlional to R-'l 

How is this cneigv transported to the 
surlaeeV I here isa lempcraiuie giadient 
between the core .ind the surface, and in 
a typical stai energy is transported 
mainly by radiation and eimycetion. The 
lime taken hyrenergy lodiltu.se Ironi the 
centre to the surtace of a star is known as 
the thermal or Kehin-Helmholl/ time¬ 
scale. rhis depends upon the opacity—a 
measure o\ the ivsistance ol the material 
to the passage ol radiation. Above aent- 
iciil value ol the lerniKTatuie gradient, 
radiation alone eaniuu cope with the 
energy to he transported, and eon- 
,,vectioii sets in. In high luminosity stats 
\yvirh high surlaec temperatures, con¬ 
vection occurs in a unmoun t’ (on\ an 
extended legum about the centre (Fig. 
a). Transport ot energy Irom the core to 
The surtace is primarily hv radiation. In 
cooler stars, such as the Sun, convection 
•occurs in a mu lace shell" a anivcunc 
' ‘mmelapc (Fig. b)~<arr>ing the hulk ol 
the energy to the sijg’face, yvliere it is 
/radiated tiyvay. RadiiVtion is the mam 
mode ol energy lianspoi i in the 
energy-pri>dueing core ot these stars, 
C/onveciion is an elficieni mixing 
mechanism, and so the chemical com- 
ptisiiion of a convective /one remains 
uniform. In radiative regions com- 
posilit>ri gradients may arise as a result ol 
, nuclear reactions, hut they will he local- 
tsed to regions of high temperature 
(except possibly tor the clfccts ol the 
very sloxv mass motions that may arise m 
rotating stars). 

The outermost laycis ot a star with u 
eonvccit\e einelope ate heated b\ 
energy deposited by vy axes geneiated in 







Convective core 


Sector diagrams of a star whh (a) a 
convective core, and (b) 9 deep conVec>, 
tive envelope. High iuminoaity stars with 
high surface temperatures have convec¬ 
tive cores, whereas ail stars with .surface 
temperatures below 7500*C, type F2, 
have convective envelopes. The ^un has 
a convective envelope of depth interme¬ 
diate between those shown. The outer 

the envelope. This heal produces the 
chrom4)sphere, the corona, and the stel¬ 
lar wind. The pre.stMiec of a chromos¬ 
phere in the Sun and other solar-type 
stars is infened from Call emission 
(characteristic spectral line emission 
Irom calcium atoms xvhieh have lost an 
electron). This emission is particularly 
strong in regions ol strong local magnetic 
field strength. 

Some special types of stars 

Vunahle Mars shoxx \arying luminos¬ 
ity. In sonic the xanutions arc periodic, 
in iUhers they aie irregular. The regular 
variables include the Cepheids, xv'ith 
their well-known pcriod-lunnnosily 
relation xxhich makes them so useful as 
distance indicators. 1 he shori-period 
xiiiiahics. with periods of the order of 
hall a day, arc called RR Lyrac x ariahics 
after then pnnolype. In both Ccpheid 
and RR Fyiac variables, the luminosity 
xariations arc due to the star's pulsating 
legularly, 

Among the irregular variables arc the 
I Tauri stais. which show spectral evi¬ 
dence for heavy outllow of matter from 
their surtaccs. 1 hey are probably proto- 
,xn/r.s—stars in the later stages of 
U)rmarion 

MuftnciK Mars. Strong magnetic fields, 
ot the ordei of 1000 gauss or more, have 
been observed on the surfaces of many 
stars. Compare this with the Sun's aver¬ 
age Niirlace held ot about 1 gauss. 
Magnetic fields are discovered via the 
Zeeman elfect—the splitting of spectral 
lines in the piesctice of a magnetic held. 
The magnciie fields show variations 
which arc normally periodic or cyclic, 
indicating that the .stars are oblique 
rotators (F'ig. 4). 

Most Mars with strong magnefk fields 
arc peculiar A (Ap) stars,,though strong 
magnetic fields have now been found in 
some early-type matn-tiiequcncc stars 
a ltd in some w'hitc dwarfs. The- abun¬ 
dances of certain elements, mainly man¬ 
ganese. siliC4>n. strontium, chrontiun? 
and eurppiiim are far greater in the sur- 
tacc regions of Ap stars than in normal 
Mars of similar spectral ci>hmr. The 


In the 

'• rotating'atari 'li' 
emission of gas as a .stsllair. Uamf, 
the seat of the dynamo ganefinibWdff tbe 1 
stellar magnetic field which c:Ouplte\yrlth ! 
the wind so as to brake the star'e roia^jn. 
Stellar magnetic activily<--^Bnakl9c^.'to 
the 22-year sunspot cyde-^hae de¬ 
tected in other (ate-type stars... 

pcciiliarifies are not .dfawwfod 
homogeneously over the m 

the spectral lincii also chaftge, {»enpd- 
ically as the .Mur rotates. , V 

The gpeotrat typos of fiofmal 

Suirscanbe divided intoa nulfi^jr'Or 
classes depending upon their itpe;e^al 
characteristics. These classes ikre 
demnedhy capital letters OBAFGK«aiid 
M, and are based on the elemeiits ihat 
appear to be most prominent in ^hc 
spectra. The appearance of the spectra 
depends lar more upon the. surface 
lempcraturr than upon the actual rela¬ 
tive abundunces of the elements dm the j 
surface. Most normal stars have essen- 
liulfy the .same .surface composilioiras 
the Sun. The above order of spectral 
classification is ba.scd on decreasing stir- 
lace temperature. The blue stars are 
classified as O and the cooler stars arc of 
M spectral type. Each class is furthei 
subdivided into ten sub-classes ranging 
from 0 to 9, in order of decreasing temp- 
cruiure, except t) which goes from 3, to 
9.5, T he amount of light received on unit 
area at the Fiarth's surface from a Mar ts 
expressed in logarithmic units called 
magnitudes, the brightest star havthgthe 
lowest magnitude. The absolute mag¬ 
nitude of a star is defined as the apparent 
magnitude the slur would have if it were 
placed at a distance of 10 paFsecs (1 
parsec^ 3.09 x 10**m light yemii). 
'The absolute magnitude of a .star 
depends upon its mass, chemical com^ 
position, temperature and age»;lhial^/fH, 
the time elapsed after h was formed- 
This relationship can be well studfecT jf 
one plots stellar absolute nmgnttdde ver* 
sus s(K*ctrai type. Since the variatMtm in 
spectral types aris^ from 
temperature, and'm turn tte 
Mars arc related to. ihetr outpace. tenit|^r 
cratures, Okie can cqdatly m^nj^im , 
lute magnitude against the colbur ihdex 
(Colour index is r)m 
the magnitude .of the star 
wavelength bands). The mostcomincmly 
dsed wavelengths are ultravioler (U), 
blue (E)' and visllple light {Vy. a' 
diagram is known as the 
■Russell tt-lR-K'diagfam 





In* the formaii(>n of a binary pair, or 
i)i a planetary system sucli as our 
own. where Jupiter has only one 
ihoiisamJlh oi the mass, bm its orbii- 
al motion about the Sun carries most 
ol the aneular morneimim ol the 
whole solar system (see the article in 
last month s S( II N( i Iodxs p.^O). 

Rotation and stellar structure 

What effect docs rotation have 
stellar structure? A star is basically a 
body held in ct|uilibriiim against its 
sell-gravitation by gas pressure. In 
non-collapsed stars the gas obeys 
closely the classical gas law. and 
hydrostatic support rcc|ijires a high 
internal temperatine, with a conse- 
c|uent leak of radiant energy to the 
surfaee- the stellar luminosity, tal- 
eulable in terms of the opaeilx ol the 
stellar gas. In a rotating star the 
centrifugal forces modily this eijiulib 
niun, but for the body remain 
ileseribable as a star the cenirilugal 
ellects should be ‘‘peitmhaiious" 
(though not neeessatily small perliii' 
bations) of a basic state ol piessure- 
L’lavitational balance. I he cciiinliig- 
al lorce may nearly balance gravity 
locally as f(»r example in the atmi>s- 
pheres of some hot stars which show 
iiinssion lines, hut o\ei the bulk i>l 
the star we expect eeiitriliigal lorce at 
most to be comparable with |)ressure, 
Note the contrast with a disk-Iike 
galaw, vvhere the “[)ressure" defined 
in terms ol landom stellai motions is 
a pciluihalioii ol .1 basic iL’nliiliigal- 
ci.i\ iiaiional ei|UiliiMiiim: ot with tiic 
‘ ac^ letion disc' Mil n'liinlinc nculion 
slais in ciiirent models ol \-ia\ 
>‘Uiices. wlicie acam ihcimal picss- 
me IS a pcilurbalion 

Since the gross eliect cenliifugal 
loFce is to assist pressure m opposing 
giavity, a rolatmg star will criuiely 
mimic a non-rolatmg slai ol lower 
mass: lower ccntial tempcratuic, 
higher central density and lower 
Imninosiix The esscnli.il anisoih»p\ 
ol ccmiilugal loiec causes ilie slai lo 
d.illen; the et|uatt»iial radius mI a 
miilorniK lolalmg stai eaii mciease 
h\ up to jili\ pel cent (lo rlie poinl ol 
leniiihigal balance al Ihe ei|iialoi). 
\^hile the polai railius deciiascs 
*dichll\ (I'lg. 7). I lus flatlemng leads 
biigliiness \aiialioiis o\ei llie siii- 
hice I luis the position ol a slai m llie 
Hert/spiiing-Kussell diagram shoiihl 
' hange In an amount dejviuhng not 
‘>nlv on Ihe angulai \elocil\ but also 
” 1 ) fhe iiielinalion ol the lotalion a\is 
the line ol sigh! fJecause ol the 
central condensation (d mass m real 
■'lars, the mean ratio of cenliiliiga) 
huce to graviiv is onl\ a small pei 
‘^entage if the slai n)lates iimlormly, 
but e\en so the ehects aie not negh- 
">ble. Thus lor e.xaniple, a yt>iing star 
'^luMer such as the llyadcs would be 



/' 


Fitj b Continuous rmissmu of matn^f from 
thu soldi sill face tiiaws* out with it Ihu solar 
iridc^nelic field lines into inUMplanetdry 
sr>acc. If the Sun diri not rotate, the solar 
wind would simply pull out the rnounetir 
fi<*ld lines radially However, sinec the Sun 
does rotate, the outflowinq gas particles 
Iryina to conserve then initi.d angular 
momentum, lag behind the uridiing Sun, 
and .10 distort the field furtfiei into n spiral 
pattc^rn The sliesses of the distorted field 
exert d nrakrruj torrjue on Ihi’ star and 
transfer anijular momentum to ifio out 
flowing wind By the time that the particles 
break off from Ihe magnetic field, they 
have much largm angular niumenlum 
than when they left ihr? Sun and so even 
the small rate ot mass loss from the Sun 
yields a large rate ot angular momentum 
loss 


assigned an age that is seventy per 
cent loo great, if the displacement of / 
the stars in the fl-R diagram due to % 
unilbrm rotation were supposed, in- 
stead, to be due lo normal nuclear 
evolution. If stars are supposed lo 
rotate more rapidly deep down, so \ 
that eeiilriliigal forces remain compa- 
table with graviU throughout the 
star, I lien considerably greater ,v 
el (eels result. i.Mensixe numerical .‘i 
compulations shi)w that the changes 
m central tcmperaiiire and density i 
and m luminosity depend essentially .i; 
on the tiUal angular momentum (>f 
the slai, and onl\ weakiv on the - 
details of Its disti ibuiion. A reduc- • 
Hon in luminosiiN In a factor four is, 
possible. 

Attempts are eontinually being j 
made to infer from the ll-R diagram 
whether or not stars rotate signifi- i 
canlly norvimifoimly, but no un- 
ambiguous eonelusions seem as yet to '! 
have rcsiillcd. Many other workers ^ 
ate intrigued by (he hydrodynamics ; 
ol rotating, sell-gravitaling bodies. A ;; 
mass of gas in non-unilorm rotation - . 
contains more kinetic energy than ; 
the same mass with the same total 
angular momentum but rotating uni- . 
formlv; hence any dissipation ot rota- 
tiimal energy through viscosity would : 
prima fade lend to set up solid body . 
rotation. Howe\er. in a stable. . 


Specir.il typo 

BO B5 AO Ab PC) 1-5 GO 



Pig, 6 Observations of stais in clusters and 
iv.soLiations sutjgcst taat Iheir rotation 
.slows down witfi age. Stars belonginit to 
th(! ‘.arne cluster or association art? sup 
posed to havtJ formed from a common 
interstellar cloud and have tiu* same age. In 
the diagram, curves representing mean 
rotational velocity against luminosity for 
main sequence stars of stellar systems and 
field stars in our galaxy have hr'en plotted 
Thouch all close binary stellar systems 
have been included, the Ap and Am stars 
have been excluded hejre because Ihtiy are 
atypically slow rctcitors. The following 


aqei. are in millions of years: Orion I 
.'e.sociatinn, 3. Scorpio-Crjntaurus associa- , 
lion, less than 4 ; Lacerta I association, 7; ‘ 
Pleiades, 50. 1C 4665 , CO. Alpha Per&ei ! 
association, about 100, NGC 64 / 5 . about 
100, Coma Cluster, GOO. Hyades, 1,000. In ’ 
general, stars in a younger cluster rotate 
faster than stars uf the same spectral class 
in an older cluster. Curves for different 
clusters of fhe same age have different 
shapes suggesting ditterent initial condi^ 
tions in the interstellar clouds from which 
the stars were formed 




radiative stellar /i>ne. the viscosities 
arising from the random motions of 
it>ns and pliotons are too small to ailed 
the rotation law over stellar liteiimes. 
vStahilitv retjuirsMiicnls iitipose impor¬ 
tant lesiridions. lor example, il the 
anfzular momentum per gram ile- 
ereases away from the axis too 
stiongh, then ''pontaneoiiv adiahalK 
motions vMthiuit tiansfei ol heat 
will eaii^e a lapid redisliihiition ol 
angular immientum When alh' 
wanse is made lor the slow hut 
sigmtieant he.it mteichange Ivtween 
moving elements, then much more 
stimgeni conditions lor se c//A/r (long- 
teim) stahilitv aie lound lor exam¬ 
ple. the aneulai \eIoeil\ must he 
constant tm c\lmdeis uhout the rota¬ 
tion axis, the amiulai momentum per 
giam must not tieeicase awav trom 
the axis, and the tot.il lolational 
eneigv must not exceed ahoui ten |H’r 
cent ol the giaMtalional 

111 esc rest net ions still allow much 
greater ccntrilugal cllccts on stcllai 
structure in a non-uniformly rotating 
star than m a rigidly rotating star. 
However, olliei pioeesses may inter¬ 
fere. I'vcn a stahiv siiatilicd ladia- 
live /one may not he free liom mass 
motii>ns. A rotating slar in general 
cannot salisly sliiet local radiative 
ecjuilihrium -Ihe energv halanee m a 
unit volume eannoi be mainlamed hv 
radiative pioeesses alone, l or exam¬ 
ple. if the slar mtates umlormly. the 
resultant temperature disliihution is 
Mich that an element ol gas near the 
axis ol rotation gams more heal hy 
ladialive liansfei than it loses, 
whereas an element near the equator 
h>scs moie than it gams. I he conse¬ 
quent huoyanev lorces drive slow, 
large-scale motituis known as the 
Eciilifi^ti>n-S\vcet cireulaiion, which 
can adveel angular nionieimim 
through the hulk ol a rapidly lolating 
star in ;i lime close to the global 
thermal time (the KelvinUelmlmlt/ 
time). Ptohahly most impoilanl is 
the effect td a magnelie field thread¬ 
ing the siai. pAcn li the surlaee lield 
is too weak to he deteetahle h\ the 
Zeeman el feet on spediai lines, the 
bulk lield can still interact decisively 
with the stellar rotation field Non- 
uniform lotaliori twists the lield- 
lines, which react h\ exerting a loi' 
que on the gas- this will redislrihutc 
angulai momentum \ la Alheii 
waves, m the lime il takes lor an 
Allvtfn w,i\c to cross the stai. It can 
he argued that a stai will letam quite 
enough magnetic tlux tiom its loim.i- 
lion epoch loi this Aliven (ime to he 
well below eilhei a sicllai evolution 
time the liletime ot a slat on lire 
main secjuenee tn .1 Kelvin* 
Helmholl/ time, so that neai umlorni 
rotation sln)uld he a better ap[)io\- 


imation. The same process will 
aeeouni satisfactorily lor the K>w' 
angular velocity ol while dwarfs and 
pulsais; magnetic eoujding wouki ert- 
sure that a gentiv eon! rad mg core 
steadily loses angular momenium to 
an expanding erivekipe. 

Convective zones and 
magnetic activity 

A different physical picture is 
appropriate for convective zones. 
Such lurhulent /ones are often crude¬ 
ly described as having an elledive 
large isotropic viscosity, arising now 
from random motions ol large-scale 
turbulent eddies. Ihis would imply 
that turbulent /ones w'ould try to 
rotate rigidly, whereas in lad a mod¬ 
est but signilicanl non-uniform rota¬ 
tion is observed on Ihe solar suitace. 
More subtle ways of describing the 
iiirbulenee emphasise its essential 
anisotropy and non-uniformilv; there 
must be a dillerenee in the efficiency 



Fkj 7 Nun rotdliny sldfs art* sphoncal in 
shcipr But sincf* Ifiny ate gaseous, once 
they start rotating, they are flatienr'd at the 
poles because of amtritugal forces Ttie 
surfaces of constant temperature, pressure 
and density arc then not spheies but are 
approximately ellipsoids Rapidly rotating 
stars are more flattened ]hc temperature 
gradient near ttie froles of the stai is 
steeper than that near the er^uator and so 
the star is non-uniform m l)rightnesr. Tfie 
luminosity of a rotating star is therefore 
dependent upon the inclination of Ihe 
rotation axis to the line of sight 

of Irausport ol both momentum and 
heal between vertical and horizontal 
direelions and between different re¬ 
gions of the zone. I hose studies do 
predict steady states with non- 
uniform rotation, and large-scale 
laminar motions superposed on the 
turbulence. 

It is perhaps doubtful if these 
departures from uniform rotation are 
large enough to affect stellar struc¬ 
ture signiiieanlly. However, non- 
uniform rotation is certainly crucial 
for dynamo action. It is the nuclear 
sources of the star which maintain 
the gross energy balance, and some 
of this energy is lapped to supply that 
stored in the non-uniform rotation of 
the convection zone. The first stage 
of current dynamo models is again 
the conversion of this energy into 
azimuthal magnetic energy by the 


action of the shear on an initial 
meridional field. The dynamo cycle is 
completed by (he azinuiihal lield 
being distorted into a new meridional 
field by essentially non-axisymmetne 
mass motions. In orticr to produce an 
oscillurorv dynamo, as observed in 
the Sim (the 22“ye:ir sunspot e\ek ). 
and inlerred from periodic calcium 
activity in other solar-type stars 
most theoretical workers require tliai 
the angular velocity should inereast 
with depth. 

We have earlier appe*iled to an 
expected increase with rotation ol 
Ihe strength ol the dynamo-built field 
in order to inleipiet the observations 
of line broadening in stars of dillV 
rent ages, riie RSCVn close hituuy 
systems show' what appears to he 
greatly enhanced solar activity, wiili 
strong chromospheric, radio and \- 
ray emission, and evidence that a 
large liaetion of their surtaees is 
covered by dark spots. 'Hiis is again 
eonsisieni with lolation being .» 
crucial p.iiamelei lor inaiinelie aeti 
vil\. ( Inse hinaiv svsieins have a 
large supply ol orbital angulai 
momenium. Tidal or magnetic eou- 
filing ensures close synehrouisatiiui 
between spin and orbital angulai 
velocjly, so that these lale-tvpe stais 
rotate rapidly; removal of : nguLu 
momentum by a magnetically eon 
trolled stellar wind does not lead to ii 
reduction of spin, but rather to a 
steady decrease in the mutual separa 
lion of the stars and an increase in 
their spin. The vital importance o( 
rotation for our understanding ol 
magnetic activity is thus eleai, but wc 
are still a long way Irom having a 
definitive dynamo theory which in¬ 
cludes both the action ol gas motions 
on the field and the back-reaction ol 
the magnetic forces on the dynamics 
ol the flow. 

Braking of stellar rotation 

The observational inteienee that 
normal eailv-type stars rotate liipidlv 
implies that there has been no siiong. 
braking during their lilelime No* 
able exceptions are the stionglv 
magnetic stars, which we saw mav be 
plausibly interpreted as oblique rota 
tors. Whatever Ihe origin ol the 
magnelie fields whelhei thev aie 
being maintained by eonlemporaiv 
dynamo action, or are slowly de 
caving “fossils”, relies ol an eailicf 
phase in the star’s lile. or even ol the 
galactic tie Id -one can ex peel 
magnetic coupling between the si.n 
and external gas steadily to slow up 
the star's rotation. Strong siellai 
winds are perhaps not to he expeeled 
from these stars, and indeed the 
Linstein x-iay delecting satellite li.i'' 
failed to pick up eviilenee ol a lu»i 
corona surrounding them. Howevei. 



iniersiciliir gas accreted hv the star will also tend to he 
set intt) corotati*)n hv the magnetic field. As long as the 
'acerclion radius”, wheie the inflowing gas is hailed hv 
the magnetic pressuie, is considerahly greater than the 
stellar radius, the centiilugal lorce corolaling gas will 
exceed gravity, aiul the accreted gas will How out, 
carrying oil stellar angular momentum. I'he piocess has 
a natural cut-otl when the siai s angular velocity is low 
enough: the piedicted rotation pctiods aie the 
ohseiNcd ordei. 

Magnetic hraking is ellective only as long as enough 
liclddincs emcige Irom the stai’s sui’lace. In a late-tyfu- 
star like the .Sun, |nime\.il magnetic Ilux may he |uesenl 
m the ti)ie. hut prevented lioin emeiging hy the 
powcriul tuihulence m the ciiyelope it is \)k field huilt 
up hy the superlicial civnamo tluit is responsihic lor 
luakmg. In an early'iy|ie star, tield-lines shouUI initially 
eincige Irom the suilacc. but the I ddmglon Sweet 
vuculation present m a rapid ri)iatoi may steadily drag 
lield lines beneath the siutace heloie sienificant magne¬ 
tic braking has occurred lakcwisc, in a rapid rotator the 
cuculation currents may pievcnl ot limit the dcyclop- 
mciit ihiough tlillusion ol ahiiiulaiicc anomalies. |i is 
again sigmiicani that the Ap stars --w hether ohser\ahly 
magiietiL oi nol - and the ' inelallic-hne” Am stais aie 
indeed slow lol.itois Magnetit hraking is not the only 
explanation- most Am stais aie niemhers v>l nunlcmtch 
Jose hinaiy s\stems, so ihiil spin oihit s\lu lironisalion 
cnliucesa lairls slovv lolation Hut whaieyer ihec.iuse. it 
a[>pears that slow nUiition is a neeessaiv condition lor 
ihc ahuiulaiice pcculianlics to develop, and a suggested 
KMson is that m a rapid rotator the ditlusi^ni processes 
will Ik' olt-sel hv the ellecl ol the I-ddmgton-Svveet 
ciiciilalion. 

lo sum up, allluMigh loiation is not vital to our 
«)\Liall luideistiindmg ol siellai siiuctuie it tli>es make 
impoitant and subtle Jianges m (he detailed iheorv 
M.inv'ol the problems are still lo he resolved and stellai 
lolation lemaiiis an exeilmg and challenging held ul 
re sea I ell 
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The 

Rotating 

Galaxy 

Saleh Mohamed Alladin 

Galactic rotations, closely related to their shapes, 
provide clues to the origin and evolution of 
galaxies 


I N the beginning ol the present 

century, it was believed that our ^tar, the Sun, 
occupied a central position in the vast system of stars 
which, in the night sky, form the diffuse hand of light wc 
call the Milkv Wav. riie Milkv W'av, also kmvwn as our 
galaxy, is just one of the billions i»f such huge star aggre¬ 
gates relerred lo as galaxies. Then, about 1917, a 
revolutionary discovery w'as made at the Mount Wilson 
Ohseryalory in California, USA, by Hailovv Shapely. He 
deduced from a study of the distances and motions ol the 
globular star clusters m our galaxy (big. 1) that the Sun 
after all, did not occupy this privileged central position. It 
was actually situated far away from the galaxv s centre 
(Fig. 2). 1 his was a big leu[> forward since I.^43 when 
Copernicus dethroned the F'arth Irom its pii\ilegcd pos¬ 
ition, ot being the centre ot the cosmos, that it had 
enjoyed since antiquity. 



Fig 1. Oniega-Cenlauii-’..i biighi globulai i luMi't Lurit.iining ait' 
many ds 1,00,000 stars Globular clusl^r.s am bf.'lievtjd to ho oldest' 
of the known galactic objects 
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tie'"'f6(8tk>h of oMr-ji«toxy,'7ln^; 
pxtites the revolution of the Sun am 
^her stars around its centre, was dis- 
pcovcrcd aboul ^>27 by thv* aslroruHii- 
mrs Bcrtil Linciblad ol Sweden and 
l^an Oort of Hi>lland troni a siudy ol 
Iteotions of the nearby stars relative to 
ilbe Sun. The earlier observations had 
Phdicated that while, roughly, one- 
f^half of the stars with velocities less 
Itan 20 or 30 km per sec w^as heading 
^ards the constellation Scutum, the 
her half appeared to move in the 
l^posite direction, towards the con- 
' iellation Orion (Fig. 3). There were 
amc stars which moved swiftly, with 
I. velocities up to l.^d km per sec 
Jativc to the Sun—five limes taster 
the others—and almost per- 
^ndicular to the direction in which 
other stars streamed. Lindblad 
Imposed that such a configuration 
, hsdue to the fact that the Milky Way 
ll^tates about a region in the direction 
itjtf Sagittarius which is close to Scutum 
posing the majority of stars to move 
circular orbits. As seen from the 
K^lar system, nearly one-half of the 
"ars moves inwards, towards the 
atre of rotation; the other half 
Hoves outwards, away from the rota- 
centres. The “high velocity" 
lars, actually, are laggards; they 
llacrcly appear to move fast. They are 
ilijdeed being overtaken by the stars in 
streams. They move in highly 
piliptical orbits that take them close to 
he galactic centre. 

How do the speeds of the stars 
I'c^ange as we go outward from the 
p)ccntre of the galaxy? The velocity of a 
iatar with respect to the Sun may be 
^^esolved into two parts: the radial 
pl^locity along the line of sight and the 
%^ngential velocity perpendicular to 
P line of sight. The former is 
lained from the Doppler shift of the 
ties in the spectrum of the star and 
lie latter from the angular dis- 
^^dacement of the star in the plane of 
jiiftie sky and the parallax of the star. 

showed mathematically that if 
t%(ars moved in circular, coplaner 
l^rbits around the galactic centre, the 
p^l^lationships between these velocities 
the position of the star could be 
P^dtpressed by simple trigonometric 
Ivtormulae. Comparing the observed 
g^elocities for various positions of the 
l^istars with tht velocities given by these 
pibrmulae, Oort deduced that the Sun 
|And other stars are revolving around 
^^hc galactic centre as planets revolve 
Iviaround the Sun. The stars closer to the 
j|galactic centre take less time to com- 
gjplete one orbit than those away from 
p the galactic centre. 

The period of revolution of the Sun 
l^'itbout the galactic centrb, called a 
isCosmic year is about 240 million 
gi.years. Its orbital velocity is also 
i\deduccd from the motions of the sys- 



Fifl. 2, The schematic model of our GalaKy 
shows that ttie Sun is at a distance of about 
8.600 parsecs (one parsec - 3.26 light 
years - 3 1 ^ lO'*' years) from the galactic 
centre. Most of the observable stars lie in 
that part of the galaxy which has the shape 
of a disc. The disc has a radius of more 
than!5,000 parsecs.This means that light 

torn of globular clusters in our galaxy 
and the system of nearer external 
galaxies. According to present esti¬ 
mates, the Sun is moving towards the 
galticiic longitude 1=0(1 in the direc¬ 
tion of Cygnus constellation with a 
speed of about 220 km per sec (or 
aboul 800,000 km per hour). 

Observations of the motions o\ the 
stars give us direct information aboul 
the rotation of the galaxy in the 
neighbourhood of the Sun up to about 
1000 or 1500 parsecs. Between the 
stars, however, the matter in the form 
of gas and dust produces a kind of fog 
which makes it difficult for us to see 
the distant stars. But we can find ihe 
galactic rotation in the more distant 
parts of the galaxy by studying Ihe 
motion of the interstellar gas. 
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Fig. 3. The motion of the stars that are 
closer to the Sun was studied in detail by 
the Dutch astronomer Jacobus Kapteyn 
who noticed that stars do not move at 
random. Actually, two star streams are 
observed. Roughly, one-half of the stars 
moves towards the constellation Scutum 
and the other half towards the constella¬ 
tion Orion. (Both the constellations are 
parts of the band of diffuse light called the 
Milky Way.) Some of the stars, known as 
the “high' velocity" stars, because they 
appear to move five times faster than the 
stream stars appear to move perpendicular 
to the stream stars 


takes more than 100,000 years to travel 
across the diameter of the galactic disc. At 
the centre of the disc! there is a distinct 
bulge having a radius of ai^out 5 kilo- 
parsecs. The disc is surrounded by a big 
halo. Globular clusters consisting of hun 
drods of thousands of stars are important 
constituents of the halo 

How is this done? The interstellar 
neutral hydrogen emits radiation in 
the region of radio waves at u wave¬ 
length of 21 cm. The motion of the gas 
results in producing Doppler shift of 
this line. From a study ol the intensity 
of the radio spectrum in the region ot' 
2] cm at various galactic longitudes, 
the distribution and motion of the 
interstellar gas in various parts of the 
galaxy are deduced. 

By combining both the optical and 
the radio data, we obtain the velocity 
as a function t)f the distance from the 
galactic centre. This is known as the 
rotation curve. Fig.4 shows the typical 
rotation curve of a disk galaxv. The 
velocity increases linearly witli dis¬ 
tance from the centre in the innermost 
parts of the galaxy: it varies inversely 
as the sft|uarc root of the distance Irom 
the cenlie in the outermost parts. And 
there is an intermediate flat section 
corresponding to a transition between 
these two regions. 

The rotation curve of a galaxy gives 
valuable insight into the distribution 
of mass within the galaxy. Every bit of 
ma.ss exerts gravitational force on 
other masses producing acceleration. 
And the motion of mass depends 
upon how the mass is distributed. 

We may consider two extreme 
cases of mass distribution: (1) a 
spherical galaxy with a uniform 
density throughout, and (2) a 
point mass galaxy in which 
almost the entire mass is concentrated 
at the centre. From the Newton’s law 
of gravitation it would then follow 
that, in the former case, the galaxy 
would rotate like a rigid body, the 
angular velocity being the same at all 
parts of the galaxy and the orbital vel¬ 
ocity of a star increasing linearly with 
the distance from the galaxy’s centre. 
In the latter case, the niotion of the 
stars would be like that of platlets in 
the solar system: the sciuarc of the 
angular velocity would be inversely 
proportional to the cube qf |he, dis- 
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Fig. 4. The rotation curve of the disc galaxy 
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tance from the centre. Also the orbital 
velocity would be inversely pro¬ 
portional to the square root of the 
distance from the centre. 

It therefore follows from the rota¬ 
tion curve that, in the innermost parts 
of the disk galaxy, the mass dis¬ 
tribution is homogeneous, while the 
outermost parts contain little mass. 
An intermediate flat section, wherein 
the velocity does not change with dis¬ 
tance, implies that the mass of the 
galaxy increases linearly with the dis¬ 
tance from the centre. Recent obser¬ 
vations of our galaxy and other disk 
galaxies indicate that the flat section 
continues over a vast region implying 
that the galaxies arc surrounded by 
massive halos. The mass of our galaxy 
is estimated to be over 6x10“ limes 
the mass of the Sun; the mass of the 
Sun being 2 x 10 '*' gms. The nature of 
much of the material forming the halo 


of our stars shows that they differ in 
age. The Sun's age is about five billion 
years. In 1944, Walter Baade clas¬ 
sified stars into Population 1 and 
Population 11, the former consisting 
of younger and the latter of older 
stars. After more detailed clas¬ 
sifications were made, it was found 
that the kinematic properties of the 
stars were correlated with their age. 

Not all the stars move in circular 
orbits. Those deviating from circular 
orbits are said to have peculiar vel¬ 
ocities. The younger stars lie closer to 
the galactic plane and have smaller 
peculiar velocities, while the older 
stars are also found at greater dis¬ 
tances from the galactic plane and 
have larger velocity dispersions. 

A detailed study of the distribution 
of matter in the galactic disk shows 
that our galaxy has a spiral structure 
with trailing arms. In 1951, W. W. ^ 
Morgan and his associates at Yerkes z 
Observatory gave the first proof of f 
if from optical studies of the dis- » 
tribution ot gas clouds and young clus- o 
ters which populate its spiral arms. S 
Soon after this, the radio studies of ^ 
the 21 -cm line of neutral atomic hyd¬ 
rogen showed that the spiral structure 
is closely wound. In 1964, C. C. Lin 
proposed that in a rotating flat star 
sy.stem minor density fluctuations 
may produce perturbations in the 
gravity field which would distribute 
the interstellar matter in the regions 
where the spiral arms are and where 


Tlie tirttnuii gtlaxiM 

Our galaxy is one among billi 
galaxies that populate the obseiy|{j| 
universe. How are the stars moviM 
other galaxies? Observations hid^ 
that galactic rotations are cte^ 
related with their shapes. Theiej 
two main types of galaxies—the & 
ticals and the Spirals. Ours is a fH 
shaped spiral galaxy. A third ty; 
known as the Irregulars, constitu 
not more than five per cent of all 
galaxies. The ellipticals (Fig. 5) c 
tain little or no gas, while the sph^ 
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Rg; 4594^be "Sombrero Nebiila"-- 


e^ge-on view of a spiral galaxy 


Fig. 5. An elliptical galaxy, NGC 205 
galaxy is the larger of the two compa 
of the Andromeda galaxy 

contain a significant amount of gasJ 
rich clusters of galaxies (see the 
tom photo on p. 20 of last montIg 
St'lF.N(’f Toda^ ). ellipticals ^ 
abundant. . L 

If we are to observe the spectri 
spiral galaxies, especially when ’ 
galaxies arc seen edgewise (Fig.^ 
wc find that the lines in the specti 
are tilted if the slit of the spectrogt> 
is placed along the major axis of 
image. What docs this indicate? ^ 
sider a rotating disk galaxy 
edgewise (Fig. 7), The part A istfe 
ing from the observer and the part Iji 
approaching him, while part C mdf 
perpendicular to the line of sighti.^ 
the spectrum of such a galaxj^^i^ 
obtained with the slit of the a 
trograph along the major axis o 
image, the spectral line arising froil| 
would be shifted towards the lo: 
wavelength side, that arising from 
towards the shorter wavelength ai 
and that arising from C would 
show any shift in wavelength. Tit 
the spectral line of the galaxy wo1| 
have a tilted appearance. No tiK 
observed if the slit is at right angt| 
the major axis. No tilt is also obs^' 
if the galaxy is seen face-on (Figl 
These results provide evidence 
the external spiral galaxies rcrij 
around axes that pass through 
centres and are perpendicular toT 
planes of the disks. 

Motions in an elliptical galaxy" 
different from tho.se in the disKUt 


m- 
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1 galBxitis. While iii Ihe cftlie ^ 
ats, ihc stars show strong prie- 
irencc for near-circular motions in 
ifbsame sense; in the elliptical galax- 
I, the predominant stellar mottons 
at random. The motion of stars in 
elliptical galaxies has been likened 
' the flights of hunting sea birds, 
me diving and others swooping 
ard while the others circle around 
m. 

.:;'filliptical galaxies have smaller 
Uvular momenta than the spirals, 
pe angular momentum of a spiral 
plaxy is roughly proportional to the 
mare ot its mass. * 

origin 

r The rotation of galaxies is inti- 

I y connected with the processes 
nich the galaxies formed and 
ed. It therefore puts useful am¬ 
ts on the theories of their origin, 
the angular momentum of an 
cd system is conserved, the 
ar momentum now associated 
the galaxies was also existing in 
prologalaxies (precursors of 
ies) trom which the present 
ies evolved. Observations indi¬ 
hat stars form from gas (see Sci- 
I'ODAY, April 1981, p. 35). In 
n objects such as ihe Orion 
ii we can actuall\ see the gas ihal 
ng converted into stars and a 
number of recently lornicd 
We therefore infer that pro- 
i;{ies were large clouds of gas 
Nosscssed angular momenta. 

? prologalaxies may have 
id .some angular momentum 
the turbulence in the primitive 
1 suggested by von Wei/sacker. 
re likely possibility is the tidal 
ction with neighbouring pro- 
ixies as envisaged by F. Hoyle, 
dy of the motions of galaxies 
ttes that they are receding from 
other with speeds that are 
ly proportional to their sep- 
n. Therefore, the galaxies were 
closer to one another in the past 
they are now. They were also 
lerably larger, since their sizes 
been later reduced by gravi- 
al contraction. Just as the Moon 
tides from the oceans of the 
y the protogalaxies must have 
I violent tides from one another. 


This wouM^tave ied to l^e 
of rotation. The amount of rotation a 
protogalaxy possessed was perhaps 
responsible tor its subsequent col* 
lapse due to gravitational contraction 
into an elliptical or a flattened disk 
galaxy. 

We get useful dues about the 
evolution of our galaxy from a study 
of the distribution and motions of its 
stars of various ages. As indicated ear¬ 
lier, the galaxy consists of subsystems. 
1'heir ages increase with their distance 
from the galactic disk; the older stars 
populating the halo and the younger 
ones lying close to the galactic plans. 
The conventional hypothesis has it 
that our galaxy collapsed from a huge, 
slowly rotating cloud with dimensions 
of the order of 100 kiloparsecs to a 
disk in time scale of the order of a 
billion years. The Population 11 stars 
formed during the collapse before the 
disk was formed while the Population I 
stars formed-after the formation of 
the disk. Other spiral galaxies may 
have also formed in the same way. 

It can be seen that rotation has 
played an important role in the evolu¬ 
tion of our galaxy. The principle of 
conservation of angular momentum 
implies that as the gas cloud con¬ 
stituting the protogalaxy collapsed to 
a disk, the material went on spinning 
faster and faster. The stars that 
formed from the rapidly rotating disk 
have nearly circular and coplaner 
orbits, while the older stars which 
formed during the collapse are dis¬ 
tributed throughout the volume in 
which they formed and move in orbits 
of greater eccentricity. This picture of 
the evolution of the galaxy accounts 
for the observed correlations between 
the orbits of the stars and their ages. 

Why is it that the elliptical galaxies 
did not collapse to a disk? One reason 
for this could be that the gaseous 
cloud from which they originated was 
rapidly converted into stars so that the 
gas from which they originated was 
soon exhausted and could not form a 
rotating disk. Don't the elliptical 
galaxies contain old stars and little or 
no gas? Since an elliptical galaxy has a 
smaller angular momentum about the 
axis of rotation than a spiral plaxy, it 
appears that rotation hinders star 
formation. 
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r 7, Tilt of a spectral line due to rotation a galaxy 



Fig. 8. NGC 3031--a bright spiral nebula 
with a blight nucleus. The spiral arms are 
very faint. Face-on view of a spiral galaxy 


The angular momentum of a galaxy 
remains constant during its evolution 
only if it remains isolated. An 
encounter between two galaxies 
would alter their spin. Photographs of 
galaxies show a number of galaxies in 
the process of merging. Theoretical 
studies indicate that a merger ol two 
disk galaxies can produce a galaxy of 
elliptical shape. The spin of the eflip- 
tical galaxy thus formed will depend 
on the spin of its progenitors as well as 
the initial orbit of the pair. 

Thus the rotation of the galaxies 
bears valuable imprints of the pro- 
ces.ses through which the galaxies 
formed and evolved. 
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1 i IFIilijlJiiiver^ 
Rotating? 

j. V. NarHkar 

There are faint indications that it is, but more sensitive probes 
are necessary before we can decide on the question 


I T is said that man made a 
significant advance in surface 
transport when he discovered the 
wheel. From the wheels of a bullock 
cart to the motors which drive our 
present technology, we see numer¬ 
ous practical uses of rotation. But, 
apart from these man-made dis¬ 
coveries, rotation forms an intrinsic 
and vital part of natural phenomena. 
From the spinning sub-atomic par¬ 
ticles to planets and stars wc have a 
wide range of examples of rotation. 
Indeed, astronomers tell us that even 
such large systems as galaxies con¬ 
taining a hundred thousand million 
stars also rotate. And these findings 
have led to the speculation about the 
largest system that can be conceived: 
the Universe. Is the Universe itself 
rotating? 

Before we seek an answer to this 
question, let us pause and ask what 
does the question itself mean? 

Does the Earth rotate? 

Whenever wc talk of a rotating 
body wc have a background in mind, 
against which the iotatii)n is measur¬ 
ed. Take the Earth, for example. Tlic 
ancient Greeks bclieve(J that the 
Earth is fixed and that the rising and 
setting of stars is explained by the 
fact that the celestial sphere con¬ 
taining the stars itself revolves round 
the North-South axis. Of course, a 


modern schoolboy is taught that it is 
the Earth that rotates about its 
North-South axis and completes 
one rotation in 24 hours against the 
background of fixed stars. 
Which of the two interpretations is 
right? Indeed if the argument is 
based simply on what is considered 
fixed and what is considered rotating, 
the issue will never be resolved. The 
ancient Greek would continue to 
argue just as vehemently that the 
Earth is fixed as the modern 
astronomer would that it is the stars 
that are fixed. 

Fortunately there is a criterion for 
resolving the issue—a criterion that 
tells us also about how to measure 
the rotation of the Universe. For, 
remember: the Universe by defin¬ 
ition includes everything. There is no 
“outside background" against which 
wc could measure its rotation. Let us 
see how therefore we can attach a 
meaning to the phrase “rotating 
Universe". 

The Foucault pendulum 

We return to the controversy of 
the fixed stars and rotating Earth, 
and consider an experiment first 
designed by the French physicist 
Leon Foucault in 1851. The exper¬ 
iment involves a simple pendulum 
which is free to oscillate in any ver¬ 
tical plane. Now, the bob of a 


pendulum-^f ills piitleoRJ;^: 
above its lowest positiaii\ 
released from rest—would conS^j 
to swing to and fro until air friiiiill 
brings it to a halt. This to and ■ 
motion is caused by the Earth^sf"^ 
ity which acts in a vertical pi 
Because of this force the bob, 
expected to move in the verfj 
plane in which it was released iFli 
rest. In reality the bob of the "" 
dulum does not quite do that! 1 
let it swing for a long enough time^ 
minimising air friction through . 
ting it swing in vacuum, say) wei . 
that the vertical plane in 
swings itself rotates slowly from^lSl 
to West (Eig. I). : 

The reason for this apparent^’ 
behaviour of the Foucault pendu 
is not difficult io trace if we go b 
to the fundamentals of dynamics- 
the laws of motion propounded 
Isaac Newton in 1686-87. Newt 
laws relate the acceleration (thaL 
the rale of change of velocity) of 
moving body to the forces acting 
the body. However, as Newton nl 
self realised, these laws do not wbi ^ 
in arbitrary frames of referen 
Newton postulated the so-cal 
“absolute space" as the frame 
reference in which the motion pff 
body was to be described, if his la 
were to work. It w'c decide to 
another frame of reference we 
have to modify the law's of motion 
particular, if wc elect to use a fra 
of reference roiating relative to I 
absolute space, wc would have to ft) 
fictitious forces, called the infi 
iiarfoiccs \o the already existii 
external forces on ihe body. 

If we are travelling in a fast car 
if the car makes a sudden turn we a 
thrown in the direction opposite, 
that of the turn. What invisible foi 
is responsible for throwing us b 
ward? It is the inertial force wbH 


3 ?- 


h 

'm 





Fig, 1 Th® Foucault pendulum oscillating m goes round the vertical axis tnrough O 
. the plane OAB (te«). Because of the Earth s ahd the plane of oscillation rotates to OA B 
rotfjUan< the plimeof the pendul^ gradu- (centre), a working model of the Foucault 


pendulam (right) The 'original r^, 
dulum. 60 m long, was suspended from-tl 
roof of the Pantheon m Paris ; ^ 






« because ovrfrttAe of rbfeiiiice 
t is that of the car) is accelerated 
tive to the absolute space. 

aneiant centrovaray raaolvad 

f'tlie odd behaviour of the Fopcault 
ndulum is explained if we assume 
t its frame of reference (that is, 
t fixed on the Earth) is rotating 
live to absolute space. The iner- 
forces arising from the use of this 
ting frame of reference make the 
e of oscillation slowly rotate 
East to West. The rate of rota- 
Q depends- on the latitude of the 
ce, it being zero at the equator and 
ximum at the poles. And from 
ise measurements we deduce that 
ta Earth as a whole is rotating about 
polar axis from West to East at the 
^ of nearly one rotation in 24 
This rotation is relative to 
wton’s absolute space. 

|k>, if the absolute space is the 
" ikground against which rotation is 
be measured then the ancient 
„.Jeeks were wrong: the Earth is 
'"anting and the distant stars are at 

Well, almost. Careful astronom- 
111 observations over several 
cades have shown that the stars are 
t exactly at rest relative to the 
solute space, cither. The stars in 
r Galaxy are slowly changing their 
actions in such a way as to imply 
t the Galaxy as a unit is rotating 
ut an axis. The rate of rotation is 
ite slow—one rotation taking about 
' million years! 

However, we now have a criterion 
decide whether the Universe is 
fating or not. The method is to look 
y beyond the stars of our Galaxy, 
the vast world of galaxies them- 
iyes, and to see if the background 
remote galaxies is at rest relative 
the absolute space of Newton. If it 
tiien the Universe is non-rotating. 

^ Expanding Univaraa 

^';^is world of galaxies was dis- 
' ered by astronomers in the 1920’s 
towards the end of that decade 
e Edwin Hubble’s remarkable 
dovery of nebular redshift. In sim- 
terms, Hubble’s discovery 
ied that the remote galaxies are 
moving away from us. Tliis motion 
)icadially away from us—it is not of 
id transverse type that would imply 
l^tation of the Universe. 

During the early 1920's, G. A. 
'edmann had already constructed 
pie mathematical models of the 
called “Expanding Universe” 
ed on Einstein's general theory of 
jbitivity. These models turned out 
|;be successful in describing Hub- 
b's observations, and essentially 
the foundations on which mod-, 
cosmology is basdd. 
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Fig. 2. The distant galaxies A, B.F as 

seen from our galaxy G are moving radially 
away. A rotating universe would require 

The Friedmann models describe a 
non-rotatine Universe. In the 
Friedmann IJniverse the background 
of distant galaxies is at rest relative to 
the absolute space. Thus, apparently, 
we have a satisfactory agreement 
between theory and observations. 
Observations do not seem to show 
any rotation of the background of 
distant galaxies and the theory is able 
to account for them with the help of a 
mathematical model. (Fig. 2). 

Mach's principle 

The observation that the remote 
parts of the Universe are non¬ 
rotating relative to the absolute 
space is something of a mystery. The 
philosopher-scientist Ernst Mach 
(1836-1916) turned the mystery into 
something more tangible. Mach 
argued that all along Newton's abso¬ 
lute space has been no more than an 
abstract and ad hoc concept, and 
that the correct way of handling 
the laws of motion is to state them 
against the background of remote 
oojects. In other words, it is the 
remote parts of the Universe which 
determine the local absolute space. 
Mach further argued that his reai^n- 


systematic transverse motions round a 
preferred direction. Such transverse 
motions have not been detected 

ing also implied that inertia of a 
body, which is measured by its mass, 
is determined by the remote parts of 
the Universe. These ideas, which 
were never quantified by Mach, are 
known as Mach's principle. 

From our discussion so far it is 
clear that a non-rotating Universe 
forms the basis of Mach's principle. 
And, since the simplest models of the 
Universe turned out to be non¬ 
rotating, this result led Einstein to 
hope that his general theory of 
relativity incorporated Mach’s prin¬ 
ciple, albeit in an indirect way. 

This hope of Einstein’s was belied 
ironically enough on his 70th birth¬ 
day! For, in 1949, in a scientific vol¬ 
ume dedicated to him on this birth¬ 
day, among the numerous articles by 
distinguished scientists was one by 
Kurt G5del which explicitly showed 
that general relativity did not incor¬ 
porate Mach’s principle. (It was the 
same Obdel who in 1931 had proved 
the remarkable result that the system 
of postulates in arithmetic is incom¬ 
plete. This result, known as Coder s 
theoretn, is of fundamental sig¬ 
nificance to foundations of 
, mathematics.)' ',,0 
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i6&iiiel dltf was to produce a 
mode] of a rotatinjj Universe out of 
Einstein's equations of general 
relativity. As a model of the actual 
Universe, the G5€Md Universe is 
hardly satisfactory. It does not show 
Hubble's redshift phenomenon. 
What is more, it has'closed time-like 
lines' which means that it is possible 
for a class of observers to meet them¬ 
selves in the past! Further, it makes 
use of the X-term , a cosmic force of 
repulsion first introduced by Einstein 
but subsequently considered to be 
non-existent by most' cosmologists 
including Einstein. 

Nevertheless Odder s model was a 
mathematical counter-example 
which opened the way for many more 
to come. Thus later workers were 
able to construct models of rotating 
universes free from the above defects 
of OddeFs model. And it is now clear 
that general relativity does not 
incorporate Mach's principle. 

Does rotation prevent einguleiity? 

Apart from Mach's principle, 
there is another aspect in which the 
rotating models have generated con¬ 
siderable excitement. The non- 
rotating models of Friedmann suffer 
from one defect. They have the Uni¬ 
verse originating in a big bang. The 
big bang represents a singular epoch 
before which nothing (not even space 
and time) existed, an epoch at which 
the geometrical properties of space 
and time broke down and no physical 
description of any sort was possible. 
This singularity is worse tnan any 
mathematical or physical difficulty 
encountered in other branches of sci¬ 
ence before. Naturally, theoreticians 
wanted to know whether such a situ¬ 
ation could be avoided. 

In 1955, the Indian relativist, Amal 
Kumar Raychaudhuri, derived a 
result, now well known as the Ray- 
chaudhuri equation. Raychaudhuri 
showed that it the Universe has rota¬ 
tion, then its dynamical properties 
are different from those of the 
Friedmann universes. In particular, 
the additional terms introduced by 
rotation seem to help in preventing 
the singularity. Unfortunately, Ray- 
chaudhuri’s equation did not 
explicitly say whether singularity 
is prevented. Indeed, as Ray¬ 
chaudhuri pointed out, a rotating 
Universe also has another property 
called 'shear' and the shear terms 
help^ the incidence of sin¬ 
gularity. So the tantalising question 
remained; which of these two oppos¬ 
ing trends would win out? 

One way to decide this question 
was to construct explicit solutions of 
Einstein's eouations with rotation 
and shear to stiow that the singularity 




En^etbcrt Sclificking Who atrongly 
believed that rotation does prevent 
singularity (a belief generated by 
thetr working with Newtonian grav¬ 
ity) worked in this direction, but 
without success. Only in the late 
1960’s, with the work of Roger Pen¬ 
rose and Stephen Hawking, did it 
become clear that singularity is a 
salient feature of relativity — a fea¬ 
ture which cannot be removed by 
such devices as rotation. With this 
result the main theoretical attraction 
of rotating models has gone. 

Astronomical observations 

Nevertheless we, as observers, can 
still ask this question: the Uni¬ 

verse rotating?" We have already 
seen how slowly galaxies can rotate. 
Can we not expect the Universe to 
rotate even more slowly — 
completing one rotation in, say, ten 
thousand million years? For, this is 
the characteristic time-scale to 
emerge from cosmological obser¬ 
vations. A rotation rale so slow 
would be very difficult to measure 
directly; but can we detect its effect 
indirectly? I end this article with a 
discussion of two such effects. 

An indirect consequence of rota¬ 
tion is anisotropy . The distribution ot 
matter in the Universe is expected to 
show a dependence on direction with 
respect to the direction of rotation. 
Thus, differences with respect to 
direction should show up in the dis¬ 
tribution of galaxies, radio sources, 
etc. Have such differences been 
found? At the time of writing there 
are a few such ettccls which show 
that the matter distribution in our 
local neighbourhood is not isotropic. 
For example, the Rubin-Ford eftect 
tells us that the Hubble law relating 
the speed of recession of a galaxy to 
its distance from us is anisotropic. 
1’hcrc is also some indication from 
the radio surveys that the counts of 
sources arc not quite isotropic. How¬ 
ever, such effects, even if con¬ 
clusively established, do not 
prove that the Universe must 
rotate. These effects could also be 
explained by postulating local 
inhomogeneities like superclustering 
of galaxies. 

Anisotropy has also been detected 
in the background radiation in mic¬ 
rowaves which pervades the Universe 
the bulk of the effect is however due 
to the fact that the Earth is moving 
around the Sun, which itself is going 
around the Galaxy which in turq may 
have motions of iis own relative to 
distant galaxies. After eliminating this 
source of anisotropy, a small effect still 
remains. This small anisotropy which 
has not been conclusively established 
today suggests that the Universe is 
rotating. 




measuring the Barth*s rotatibi 
live to the absolute space much 
accurately than what is pomibte i 
mechanical device like the Fcr 
pendulum. At the 9th Itttema 
Conference on General Rda 
and Gravitation held at Jeita» 
Hausan, M. O. Sciilly and M. £ 
airy from the Optical Sciences ( 
of the University of Arizona 
sented an experimental scheme ^ 
is expected to achieve a sehsittVi 
one part in ten thousand million o 
Earth's rotation rate. The sch 
uses d device known as ring in 
ferometer with an argon laser. 

Such accurate laboratory expe)| 
ments coupled with the much mb 
sensitive probes of the remote partf" 
the Universe promised by the Spb 
Telescope to be launched by NASA^ 
1983 will be needed before we C 
assert confidently whether the U 
verse is rotating or not. 
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Early diagnosis and treatment 
of bleeding peptic ulcers 


Peptic ulcer is a common medical prob¬ 
lem all over the world. It occurs either in 
the stomach (gastric ulcer) or in the fint 
part of the small intestine (duodenal 
ulcer). The latter is more common and 
predominantly affects men in tlic prime of 
life, between the ages of 25 and 45 years. 
Apart from causing much agony to the 
patient in the form of severe periodic 
attacks of pain in the upper abdomen and 
vomiting, it can also cause serious com¬ 
plications such as vomiting of blood or 
"haemetemesis". This happens when the 
ulcer burrows deep in the wall of the 
stomach or duodenum and damages one 
large artery or several small blood vessels. 
Bleeding in some ulcers stops spon¬ 
taneously, but in others the continuous, 
profuse bleeding may threaten the very 
life of the patient. 

When the patient comes to the hospital 
with haemetemesis for the first time and 
his previous history is not typical of peptic 
ulcer, the diagnosis of the cause of bleed¬ 
ing is not easy, as there are many causes of 
haemetemesis. Accurate diagnosis is, 
however, imperative as the treatment for 
each condition varies widely. 

Though Barium meal X-ray exami¬ 
nation gf the stomach and duodenum has 
been available for a long time, its accuracy 
in pinpointing the cause of haemorrhage is 
limited (less than 50 per cent). 

With the availability of fibreoptic endo¬ 
scopes for examination of the gas¬ 
trointestinal tract, the accurate diagnosis 
of the cause of haemetemesis has become 
possible in 98 per cent of patients. The 
fibreoptic endoscopes arc flexible tubes 
which can be passed into the oesophagus. 


stomach and intestines of the patient 
without discomfort, after he has been 
mildly sedated and a local anaesthetic has 
been sprayed in his throat. The scopes 
contain a system of glass fibres and lenses 
and work on the principle of total internal 
reflection of light, ITiis means ihiil. in spue 
of the instrument traversing many natural 
bends and curves inside the body, it,con¬ 
tinues to transmit the image to the observ¬ 
ing physician without interruption. With 
this endoscope, the ulcer and even the 
eroded blood vessels, inside the ulcer 
“crater" can be observed. 

However, it is not adequate to diagnose 
a disease accurately. A bleeding ulcer has 
a high mortality rate, particularly in 
patients over 60 years of age, and urgent 
steps to stop bleeding are imperative. This 
is done either by operation or by coa¬ 
gulating the bleeding vessel by a laser 
beam (laser photocoagulation). The latter 
is not available in our country as yet. On 
the other hand, severely bleeding patients 
who are not in a good general condition 
pose a risk to anaesthesia and surgery. 
Thus, it is necessary to balance the risk of 
immediate operation vis-a-vis waiting for 
natural control of haemorrhage (clot for¬ 
mation over the ulcer). 

How to resolve this dilemma is a chal¬ 
lenge facing the endoscopists the world 
over. If it could be made possible for the 
doctor to predict which ulcers are likely to 
rehlecd and which would not, it would be 
possible to separate these patients into 
two groups, those requiring immediate 
surgery and those who could be managed 
conservatively on blood replacements and 
drugs. 


Green revolution and the spread of malaria 


C)Nt: would wonder how an increase in ricc 
pioduction can bring about the spicad of 
malaria in a country. I hat is what has 
indeed happened and is causing alarm in 
Central America and India, according to 
an articlejcceiitly published [Nature 293, 
181) by G. Chapin and R. Wassersirom 
from the Division of Sociomcdical Sci¬ 
ences, School of Public Health, Columbia 
University,.New York, USA. 

Malaria is transmitted from man to man 
by the Anopheles mosquito. The adult 
female mosquito picks up the sexual lorms 
of one of the four malaria parasites of the 
genus Plasmodium that infects man (Set. 
ENCE Today. December 1980). The 
whole process of development of the para¬ 
site in the mosquito takes anywhere from 
10 to 21 days, depending on the environ- 
ncntal conditions. 

riKHMVtically, to arncsi malaria, we must 
intervfgi^ in the life cycle of the t^asite by 
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Pesticides—the culprit? 

cithe^ preventing multiplication of the 
mosquito vector or cJ lectively killing them 
with insecticides or the parasite with 
drugs. Some of the early methods used to 
prevent breeding of mo.sqiiitoes involved 


This is precisely what D. Storey»:|ra 
Bown and their colleagues studied at dm 
St James* Hospital, London {New 
^and Journal of Medicine, 305,915). Utm 
a fibreoptic endoscope, they examidm 
292 patients of hematemesis within! M 
hours of the start of bleeding. In 
them, peptic ulcers were diagnose4\m 
which full examination of ulcer cratent^W 
possible. Of these^S? were followed djil 
over one week without administration 6^ 
any specific thcriipv, and .14 showed **'4 
visible vessel ' in the ulcer crater, 13 had 
iuving (the lormer due to the 
damaging a large blood vessel and ifdS 
later due to slight erosion of a large \ess^ 
or damage to small vessels) and 4!^ 
patients showed no active bleeding. i 
Nineteen out of 34 patients with a vitwi 
ibie vessel re-bled within the next seveiii; 
days and 17 of them were operated upoiii^ 
Of the 13 patients with oo/ing from th§ 
ulcer, one showed re-blccding and he wi^j 
also operated upon. Ihose 40 patiejl» 
who had not shown bleeding at the time ol| 
endoscopy, did not re-bleed during the^ 
course ot observation and were not sqb^, 
mitted to surgery. Thus, finding a vistblll^i 
vessel and oozing is very helpful in decide 1 
ing which group of patients requireil 
surgery und/or drugs. .'ii 

In our series of endoscopic exami*^] 
nations also, the value ol fibreoptic endoM 
copy, both in diagnosing the cause of gasi'^Sl 
trointestinul bleeding and planning thefp^ 
proper treatment,has been demonstrated^ | 

SUCHARITA A. NANIVADEKAR', 


Dr. Nanivadekar is Professor of Medicln#. 
and is in-charge (gastroenterology) at ttlff] 
Lokmanya Tilak Medical Hospital and CoM 
lege. 6ion, Bombay. . v 


the draining ol swamps, and the emptying,^ 
covering or oiling ot pools of standtnjp^^ 
water. It was during the Second 
that cheap and effective chemical peS'vi 
ticides, such as dd’i and dieldrin, camrj 
into existence, rhesc arc persistent at th^v 
site ot application for months and thus ate,* 
ideally suited for killing Anopheles 
qmioes. However, the widespread use ofj 
these drugs brought abmit the devcloprj] 
mem ot resistance by the insects to these^ 
chemicals. V, 

I he resistance phenomemm is due to a genet^^ 
ieally endowed ability of u sub4 
population of insects to tolerate ccrtahij 
doses of an insecticide, which would be, 
lethal to the majority of the populatioit 
During pcrsisiem expi^surc to the insect 
tickle, the susceptible population ill 
gradually eliminated and the proportiort 
of resistant insects increases very rapidly, 
Fivcntually, the insecticidal pressur^ 
makes most ol the iMvpulmuin of invevwj 
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totally resistant to the chemical. 

In India there were a hundred million 
cases of malaria in 1952 with over t).8 
million deaths occurring due to the dis¬ 
ease: The combined effects of 
chemotherapy and DD'i spray resulted in a 
dramatic reduction of the incidence of 
malaria to a bare 100,000 by the year 
1965. Such an effect was also seen in sev¬ 
eral other countries where malaria was a 
problem. However, in 19.S3. it was real¬ 
ised that a proportion o\'A twphclc.s mos¬ 
quitoes were exhibiting resistance to the 
insecticides. 

Since 1961 there has been a resurgence 
of malaria in these countries. B> 1971, 
India registered over si.x million eases ol 
malaria with tew deaths due to the disease. 
Similar resurgence was also seen in Sri 
Lanka and Central America, 'Hie prime 
reason for the resurgence, according to 
the authors, was development ol insect 
resistance to conventional insecticides 
such as DDT and dicldrin. The emergence 
of resistance, stale the authors, is hastened 
by the extensive use of insecticides in 
another area. 


organophosphates and even carbamates 
were used heavily to ward off the pests. A 
similar phenomenon occurred in other 
parts of Asia and Central America. They 
increased fumigation of their fields nearly 
six fold each season and thus con¬ 
taminated the local ecosystem with these 
pcstieidcs. Consequently, mosquitoes of 
both Afufphdes and Aedes (\ecior of cer¬ 
tain viral infections such as dengue fever 
and yellow fever) have become icsistant 
to the chemicals. 

The authors aiienipted to establish a 
link Ivetwccn the resurgence o\ malaria in 
most developing countries, paiticularly ot 
Asia and bilin America, and ihe incicasing 
use ot pesticides for high-\ ielding lorms ol 
agricultural production. T he\ exon stale 
that resistance began to occur with the 
intioiluclion ol green lexolution technol¬ 
ogy, dealing parliculaih with the use (»l 
liigh-yielding \arietics o! iice, However, 
the authors also stale that several I actors 
such as complaisance ol the adminis- 
ttators that the nialana piohleni was licked, 
poor sLitvcill.iiKe, inadequate linanccs, 
insulficient knowledge on the cpidcmiol' 


the Food and Agriculture Organisiftwi B 
that they should urge their member 
tries to employ integrated pest 
('igcment systems that would not interf^im 
with the malaria eradication programmitf^ 
and also teach the farmers to make sefcCT 
and etticieni use ot pesticides. Such 
integrated appr(»ach was indee^^ 
developed in the United States largely 
to the alarming increase in the residues 
a variety of pesticides in the vetermar|9 
and the human foods, consequent to ihi^ 
more ficqiient application of these ch^4 
ieals hy the farmers in their enthusiasm tiilS 
get higher \ields of crops. 

I tic autiiors also appeal to the U 
agencies not to he influenced by the pC8^ 
iicidc nKinulaciiirers but he guided by thiM 
pel ils ot the unlimited use of the chcmicallS 
and advocate an integrated system of 
iTKinagemcni on iivportant agricullttrci|| 
crops of the countries. The health sc€to»| ■ 
of developing countries should take note' | 
ol the invaluable suggestions of thtse^ 
authors since the vector control in the^l 
countries will Loniimie to depend hcavfiyi | 
on the use of pesticides for several years W> | 


At this time, there was an expansion ol 
agricultural production m several regions 
ol the world, particularly in areas recentlv 
cleared of malaria. Since I960, the more 
affluent Indians owning considerahle 
segments of the croplands,'began to raise 
cotton, rice ami tobax'eo. Iiiseclicidcs 
ranging from chlorinated hydrocarl>ons, 


ogv ol malaria aK iKn lesponsihle loi 
malatia resurgence. In a liglilei vein,some 
say that the malaria eradication prog¬ 
rammes erailieated malariologists leaving 
the l*lasmodium inlaet. Neveiihcless, the 
authors justifiahiv londtide with an 
implied plea In the iMtein.ilional agencies 
such as World Health Oiganisation and 


come. ,;i 

D. SUBRAHMANYAM^ 

Dr Subrahmanyam is director of a mul*** 
tinational industrial research centre lf>^ 
Bombay His mam research interests are In; 
the immunology of communicable disease^'; 
such as malaria, filariasis and tuberculosis,;^ 
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Brush vour teeth with Colgate after 
every meal. It protects you just the way 
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Bacteria grow in food particles left 
between your teeth. These can cause 
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after eating. It’s proven most effective to 
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and fight decay. 
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bacteria grow in food particles 
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reaches deep to remove dangerous 
food particles and bacteria. 

The result: attractive white teeth, 
fresh-breath confidence, 
protection against decay. 
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THE NOBEL PRIZES, I9S^ 


PhysMogy 
or medicine 

HE Nobel Prize for physiology 
or medicine this year was 
awarded to three neurobiologisis— 
Roger W. Sperry, David H. Hubcl 
and Torsten N. Wiesel—for their 
pioneering studies on the functional 
organisation of the brain. 

Sperry, who receives half the prize, 
is a professor of psychobiology a! the 
Division of Biology, California Insti¬ 
tute of Technology. Sperry did his 
graduate work at the UniverOiy of 
Chicago, and later, after spending 
some time at the Yerkes Laborator\ 
with Karl Lashicy, moved to the 
California Institute of Tcchnologv in 
the early fifties. He continued his 
work in three distinct areas— 
devclopnien lal neurohiology, 
experimental psychology, and inves¬ 
tigations into the specialisation of the 
two halves of the brain on human 
siibjccis who had undergone split- 
brain surgery for epilepsy. Indeed, 
his cunlributions to all these areas 
have been so profound and so fun¬ 
damental that upon hearing the news 
of the award his colleagues and stu¬ 
dents wondered as to what aspects ol 
his work was being rewarded. 

All organisms display a distinct 
bilateral symmetry. The plane of 
symmetry, passing through the mid¬ 
line and dividing the body into left 
and right halves, extends right into 
the brain. I'his is particularly con¬ 
spicuous in the mammalian brain, 
where even a casual glance reveals 
the division of the cerebral hemis¬ 
phere {the most prominent part of 
the brain) into two, left and right, 
halves with :» deep groove extending 
around its cimumfcrence. Ol course, 
the two halves are not entirely 
unconnected; they are joined 
together by a bundle ol nerves. 

Sperry and R. E. Myers carried 
out experimenis on animals with 
the two halves of the brains surgically 
disconnected. They demonstrated a 
certain degree of specialisation for 
each half and further observed that 
the information received by one half 
could not get transferred to the other 
half. 

The crucial evidence in support of 
the conclusions derived by Sperry 
and his group from experimentations 
on the animals, however, has to await 
the availability of human subjects 
who had undergone such ^lit-brain 


surgery to control or minimise 
epileptic seizures. The studies cited 
in the Nobel award began in the early 
sixties, when Joseph E. Bogen 
suggested split-brain surgery for 
patients suffering from severe 
epilepsy. Sperry carried out a scries 
of behavioural tests on such subjects 
using a variety of stimuli based on 
sight, sound and touch. 1 he results 
were startling. Although they sup¬ 
ported his conclusions derived from 
animal experiments, they were in 
.sharp contrast with earlier human 
work, presumably due to ambiguity 
in the tests. He demonstrated that 
the left hemi.sphere specialises in 



Sperry 

analytical abilities such as logical 
thought process, speech, language, 
and writing. 'The mute or dumb right 
brain, earlier regarded as subservient 
to the more aggressive lell half on 
account of its supposed inability to 
process verbal communication, 
speciali.scs in emotions, spatial rela¬ 
tions, appreciation of arts and music 
and indeed looks at the world outside 
in a holistic perspective. To give an 
illustration of the kind of tests Sperry 
carried out, a blind-folded subject is 
asked to pick up an object from an 
assorted set—consisting, say, of a 
pencil, a comb, a cigarette, and a 
bunch of keys, with his left hand. The 
patient knows from the MeeT but 
cannot communicate verbally as to 
what the object is, since this per¬ 
ception from the left hand through 
touch goes to the 'mute' right brain. 
However, if the subject is permitted 
to use his right hand to get a 'feeh of 


the object or allowed to jingle out 
object (assuming it is a keybunch 
ingout sound) he can then readily 
what the object is. 

Although the Nobel citation 
only to the work on spUt-bra^^ 
human subjects, any tribute W} 
Sperry will remain incomplete if bilMj 
docs not mention his fundameriiii^i? 
contribution in dcyelopmciitiijt| 
ncurobiology. Working on 
regeneration of optic i nerves 
amphibians and fish, he probed inW^j 
the ijuestion as to what guides 
growing axons (the nerve fibre orit!;! 
process of a neuron) to reach their] 
right destination in the brain. Ht$.- 
thcory of chemospccificity, although^ 
Net to be substantiated, continues 
plav a provocative role in stimulating;:; 
experimental investigations. :<;• 

The other half of the prize ha$:J 
been shared by Hubei and Wiesel,}; 
both of the Harvard Medical School,: 
for their work on the organisation of 
the visual system. Hubei is George,^ 
Packer Berry Professor of neurobi^^l 
ogy. A Canadian by birth, he 
ceived his MD degree at the McGijt^ 
University, Montreal, followed 
studies on clinical neurology at the^ 
Montreal Neurological Institute. 
migrated to the USA in 1954, aitd«J 
after a brief associat ioiki 
with the Johns Hopkins School o^’; 
Medicine and the Walter Reed Army^ 
Institute of Re.search, he moved tO; 
the Harvard Medical School in I960.,; 
Wicsel, Swedish by birth, obtained^ 
his MD from the Karolinska Instk] 
tutc, Stockholm. He joined the Har«^y 
vard Medical School in 1959, and idi 
presently Robert Winthrop Pro-; 
lessor and chairman of the Depart**', 
ment of Neurobiology there. 

The peripheral location of the eye 
with its functional components—^' 
retinal cells* and the optic nerve--4a; 
readily accessible, and the ease with; 
which it can be subjected to a wide, 
variety of light stimuli have made the: 
visual system a versatile model for 
ncurobiological investigations. Most; 
neurophysiological studies until 
early fifties were confined to the 
‘fish lever of organisation. A general 
principle that emerged from these 
investigations was that cells respond 
to contrast at the edges of a high baf i 
or to onset and cessation of the 
stimuli. Further, symmetrical recep-., 
tor fields, comprising light spots of 
definite sizes, can be assigned to gan¬ 
glion cells in the retina. Studies on 





Hubef 


fro^s suggested a rudimentary level 
of integration at the retinal level, 
wjhich could enable the animal to dis¬ 
tinguish shapes and forms and 
respond optimally to moving objects, 
it was indeed the failure to find such 
elements of integration in the retina 
of cats and other higher animals that 
prompted Hubei and Wiesel to 
explore the higher levels of organ¬ 
isation in the visual pathway. 

The visual pathways in mammals 
lire distinctly more complex than 
those in amphibians and fish. The 
axons of the retinal cells bundled 
together into the optic nerve make 
connections both in two lateral 
geniculate nuclei (a mass of sensory 
and sympathetic nerve cells located 
along the facial nerve) in the brain. 
Each geniculate receives inputs from 
bolh the eyes, dividing the composite 
visual field of the two eyes into left 
and right. (1 his is in contrast with the 
complete crossing over, that is, the 
left eye making connections only 
with the right half of the brain and 
vice versa in fish and amphibians.) 
ApparentI), the geniculates function 
as u two-way station, segregating the 
inputs from the two eyes. Axons of 
the cells in the geniculates make con¬ 
tact with the primary visual cortex 
ibeated in the back of the cerebral 
hemisphere. Ihe cortex is a highly 
folded multilayered plate covering 
the whole cerebral hemisphere. It 
has about 1()(),()()() cells per square 
millimetre of the surface area, and as 
■a whole may contain as many as ten 
wllion cells. 



|||)/i8ual pathways traced schematicaily in 
rthe human brain, seen here from below 



Wiesei 


As Hubei and Wiesel discovered, 
it is at the level of the primary cortex 
that the inputs from the geniculates 
are integrated to generate the ele¬ 
ments necessary for the perception of 
form and movement oi the objects. 
The methodology involved passing a 
microclectrode into the brain 
through a hole in the skull and 
reeprding the electrical signals from 
single cells in response to a variety of 


high atimutu^ spdtsrb^a^etc; 
sented in the visual field. These 
studies were reported in a series of 
papers starting in 1959. 

They demonstrated the presence of 
what they called '^simple'* cells which 
responded to a bar of light with 
specified .orientation and in a par¬ 
ticular position of the visual field 
There are then the “complex’’ cells, 
which arc not so fussy about the loca¬ 
tion of the stimuli, but respond opti¬ 
mally w'hcn a bar of light of speciiied 
orientation is swept over the visual 
field. More recently Hubcl and his 
collaborators have provided an im¬ 
pressive set of evidences in support 
of the columnar organisation ot cells 
in the visual cortex, using radio¬ 
active amino acids as tracers to de¬ 
fine inter-neuronal connectivity. 

U. N. SINGH 

Dr. Singh is Reader, Molecular Biology 
Group, Tata Institute of Fundamental 
Research. Bombay. 


PhyMiea 

HE 19S1 Nobel Prize in 
physics has been awarded to the 
three seientisls whose work on the 
developnienl ot electron and laser 
spectroscopies has been largely re- 
sj’ionsible lor a great revolution tak¬ 
ing place in the study of atomic and 
moleeulai systems. Kai .Siegbahn. b.T 
of the Institute ol Physics at Uppsala. 
Sweden, receives one-half of the 
pri/.e for his pioneering work on ihe 
□sc of X-ray photoclectron spectro¬ 
scopy (XPS) to investigate the nature 
of eleciron configurations in a wide 
variety of atomic systems, while 
Nieolaas Bloembcrgen. 61. of Har¬ 
vard University, and Arthur Sehaw- 
low. 60. ot Slanlord University (both 
in the USA) share the other half of 
the prize tor beiniz instrumental in 
cstanlishing non-linear optics and 
laser spectroscopy as the most versa¬ 
tile fields of research for precision me¬ 
asurements in quantum electronics, 
physics, chemistry and biology. 

As we know, the frontiers of 
science do not lie on a single simply 
eoiineclcd surface. In the words of 
\ iclor Weisskopf, one has at least 
two kinds of frontiers: external and 
internal. The external frontier ex¬ 
plores those realms of natural phe¬ 
nomena whose fundamental laws are 
still not urulcrstood by us at present, 
as in the ease of the siibnuclear 
world, or astrophysics. The interna! 
lioniicr on the other hand mostly 
concerns with the world of atoms and 
molecules composed of negatively 
charged electron^ and comparatively 



Siegbahn 

massive positively charged nuclei, 
with electric interaction between 
them. Although, the basic dorT\iiiant 
law on which these systems operate is 
known on an elementary le\ d, a 
tremendous variety of combinations 
and recombinations of atoms.forming, 
specific structures and superstruc-' 
lures gives rise to many i;>l.<r 
complex phenomena which, 
unable to understand and explain. Ini 
this sense, the study of bonding of 
atoms to form specific molecult;^^ 
molecules forming linear clta^>,y • 
macromoleculcs or l'vo-dif^ijPfiiil>t 
membranes or thrcc-diamponal' 
crystals or liquids or pJasmSiTnclud-, 
ing tfie phenomenon in which some' 
siructurcs can reproduce themselves, 
forms the internal frontier of science. 
Any technique which can bring u<^aA 
little nearer to an understanding of 
some of these phenomeiui tif jiireai i 









rccotfmscd Hv the Nobel C'imv- 
mittee. Of course, the great complex¬ 
ity and variety of these structures and 
forms of matter sometimes give them 
unique and very useful properties of 
technological importance. 

Optical spcctiiisaipy as a field ol 
research is almost a century old. 
During the first thirty years ol the 
tiventicth century, it, in fact, led to 
the two crucial cornerstones of 
modern physics: the understanding 
of the atomic structure and the de< 
vclopment ot quantum mechanics. In 
an atom or a molecule, hound elec¬ 
trons move in definite orhits with 
discrete energy levels. An electron in 
any of the hound levels is m)t tree to 
move out of the atom unless one 
supplies external energy equal to or 
more than the binding energy of 
the level. Light i>l a given freijuency 
is usually emitted whenexei an elec¬ 
tron in a hound excited orhit lumps 
to an unoccupied orhit of lower 
energy, giving rise to a spectral line. 
When the difference in energy he- 
iween the orhilals is larger than 
optical photon Irequencies. one, of 
course, gets a higher liequenev 
photon in the ullra\iolel or the X-rax 


iwciwdriiraer' ■' i wo* 
phoum qutmtum pnKCss in xxhich a 
system simultaneously absorbs a 
photon and emits another one. xvith 
the difference in their frequencies 
determined by the low-lying excited 
levels of the system, is the well- 
known Raman scattering. C. V. Ra¬ 
man received the physics Nobel Prize 
in 1930 for discovering this process in 
1928. It is quite xibvious that the 
methods of absorption, emission, 
photoelectron and Raman spectro¬ 
scopies give rise to the most valuable 
information about the changes in the 
nature of the energy levels and ato¬ 
mic configurations (>1 the atomic sys¬ 
tem forming specific sirueiures and 
super strucfurcs. 

Although it was known for a long 
time that the binding energy ot ato¬ 
mic levels can he determined hx 
measuring the kinetic energy (‘/ 2 ) 
mv’ = hv - Ln of the pholoelectrons 
cxeittil by monoenergetie photons ol 
energy hv. its use xvas limited due to 
lack of precision in measuring the 
velocity v of the ejected plioion- 
electrtm, l o *)blain acceptable values 
ot Li,, it is necessary to measure the 
kinetic energy xviih a precision com¬ 
parable to other direct methods in 


on its 

kineric energy. In this sense. 
method is inherently more sensiliy^^^ 
to surface atoms. It can indeed casf|]i^| 
detect extremely small amounts 
contamination on surface.s, How*| 
ever, Siegbahn showed that befj 
cause of the much narroxxer eitcrgy^S 
pciik expected from those elcciroiiVl 
which manage to escape xviihout 
lering inside the sample, it is al^;J 
possible to siiidx the bulk proper! 
t his method has noxv been extendci^l 
to the ultraviolet region alsx>. givink;J 
rise to ultraviolet photon spectri;^) 
scopy (UPS) which is much 
aecuiaie lor the outer xaicnee eleCrii 
irons in the sample. With the def| 
velopmcnt of new powerful synchrofJl 
tron excitation sources which giv^l 
well collimated, intens 
monoenergetie photons in the opticaiiti^ 
to hard X-ray regions, photoelec-'^^^;! 
tron spectroscopy has now becinttq?^ 
one of the most important fields 
study general atomic and molecular ^ 
systems as xxell as surtaees. 

Ihe advent o! tunable lasers us'l 
highly intense, monochromatic, antlv!. 
coherent optical sources tiuring the ; 
last decade has not onix revedulio-. 
nised the traditional methods oi :: 
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legion of the electromagnetic spec- optical spectroscopy. It was Sieg- 

iruiTi. instead of the usual light. hahn who. xvith his co-xxorkers at 

Conversely, the absorption of light Uppsala, used his earlier experience 

or X<ay raises the electron orbital in analysing electrons in |»-rax niic- 

from a lower energy to higher energy lean spectroscopy to make the neces- 

levcl. If sufficient excitation energy sary technical development to initiate 

hv. is provided, one can excite an the use ol electron spectrostH)px lor 

dectron in a given level in an atom chemical analysis (is( a). He used 

-veyond its ionisation well collimated X-ray sources, in spite 

V.. IV^fld or an electron in a mole- of their large linewidilis, tor exciting 

I . , ond its dis.sociiition level the photoeleetrons in atoms, mole- 
(level where a molecular bond he- cules as xvell as solids, f.arlier, m 

ixvccn ifloms breaks) so that the 1924. his father Karl Manne Scigbahn 

'V'ctron is no longer bound in the hadreceivedtheNobcIPrizeinphysics 

.tern, and it moves out with the for his work on X-ray spectroscopy. 


kmeii^^^nergy (Vi) mv* = hv - Eh- 
These are the so-called photoelec¬ 
trons, analysed in photoelectron 
spectroscopy to find the binding 
encrey Ef, of the level. 

Alliert Einstein indeed received 
th J92I Nobel Prize tor explaining 
origin of the phiitoelectric effect 


One of the problems ol .\-rav 
phoioelectron spectroscopy for 
studying metals or other solids is the 
fact that a phoioelectron emilled 
deep in the bulk loses a part o! its 
energy to other eleclrtins or ions 
before coming out of the sample for 
detection, thereby being unable to 


absorption, emission and Raman 
spectroscopies, it has gixen rise lo.^ 
new non-linear spectroscopic 
methods, with spectacular precision 
mcasurenicnts in atomic systems.. 
rhe feasibility of obtaining a exihc- 
renl laser device based on Einstein’s 
concept of stimulated emission in the ! 
optical frequency region xvas first 
shoxvn in 1958 bx Arthur Schaxxlow; ; 
in collaboration xvith >his hrother-tn- ’ 
laxv. C harles loxvnes. Along xvith 
txvo .Soviet scientists, loxviies. ol \ 
course, received the Nobel Prize in, ^ 
|9h4 for his earlier discovery ol a), 
similar device in the microxvave Ire,-;;.;; 
qiienex region. 

After the fabrication of the laser , 
device by T. H. Maimun in 19W), it 
was Bloembergen who showed that 
when an intense laser beam interacts^ 
xvith matter, the dielectric su.sceplibi-; 
lilies ol atomic* and molecular svs*''ii 
terns become lunctions of ilhc ^ 
strength oi the light s lield. and one,'; 
can mix txxo or more laser frequen-' 
cics to generate laser sources at new 
frequencies. Thus tunahility of a laser : 
source in one limited frequency- 
region can be translated, using iioik;; 
linear optical mixing, to another de¬ 
sired frequency region. Atomic sys-v 
terns can simuitaneouslv absorb two 
or more photons with appreciable* 
probability, and laser light can prepare 
atomic systems in coherent super|pK>si- 
tion of quantum states. 

It xvill be difficult even to list here 
all the applications ot laser beams in 
diverse fields from laser fusion to 


J;'! j.—. _ i ’’ '_■_'■ 


itopc^^paratbii: to bpticaf coin 
inication, to holography, to ultrasen- 
itive atomic tracer analysis and to fun* 
Jdamental problems in physics 
|;;and chemistry. As representative ex- 
I .amples related to the work of Bloem* 
!;:bergen and Schawlow, who have 
irf been directing the laser revolution in 
spectroscopy from the very begin- 
5^;ning, one may mention the new 
methods of non-linear Doppler-free 
atomic spectroscopy, resonance 
, fluorescence and ionisation spec- 
i^’troscopies, coherent Raman spec- 
I troscopy and bond-selective chemis- 
|jtry. By simultaneously absorbing two 
I',photons of the same irequenev. mov- 
ing in opposite directions, it is possi- 
fWe to cancel exactly the first-order 
[ Doppler frequency shill due to the 
thermal motion of atoms or mole- 
in a gas, and thus resolve 
extremely closely spaced atomic 
energy levels. Using Doppler-free 
; non-linear spectroscopy in atomic 
hydrogen, Schawlow’s group has 
\ been able to measure many impor- 
iV tant physical parameters with fanias- 


I cules 


tic accuracy. On th^ other 1 
using sufficiently short laser pulses 
^duration 10 '* sec) whose frequency 
IS tuned to dissociation energy ot a 
articular bond in a molecule, 
loembergen has been able to show 
that one is indeed close to fulfilling a 
chemist's dream of breaking molecu¬ 
lar bonds precisely where one wants 
to break them. With the initiation of 
specific chemical reactions after par¬ 
ticular bonds arc broken, this may 
open up dramatic developments in 
synthesising rare molecules of in¬ 
terest in chemistry and molecular 
biology. 

SUDHANSHU S. JHA 

Dr. Jha is Profesbor of Theoretical Physics 
at the Tata Institute of Fundamental 
Research, Bombay. He was closely associ¬ 
ated with Prof. Schawlow during 1960-1964 
while studying for PhD at Stanford Uni¬ 
versity. USA. under Prof. Felix Bloch, who 
got the 1952 Nobel Prize in physics for nuc¬ 
lear magnetic resonance. He wrote several 
papers in collaboration with Prof. Bloem- 
bergen when he was a Research Fellow at 
Harvard University m 1967-1968. 


Economies 

J AMES Tobin (63), who has been 
awarded the Nobel Prize in 
economics, is Sterling Professor of 
Economics at Yale University, USA, 
and a past president of the American 
Economic Association. Educated at 
Harvard, he has been teaching at Yale 
for long. 'I'obin has always been 
interesteef in questions of economic 
policy and was once a member of the 
Council of Economic Advisers to the 
late President Kennedy. He has 



Tobin 


expressed much concern about the 
present trend of the US economic pol¬ 
icy; nothing good, he says, is likely to 
emerge from what has been called 
“Reaganomics”. His handling of 
economic problems is marked by a 
great sense of relevance, an appro¬ 
priate degree of precision and depth 

has made important 
contributions in a broad range of 
areas, notably the theory of con¬ 
sumption, it is primarily for his work 
on macro economics that he is most 
widely known and respected. Con¬ 
temporary macro economics largely 
originated with Keynes so far as the 
Anglo-Saxon countries arc con¬ 
cerned, Ibbin's work is generally 
regarded as Keynesian. His specific 
contributions arc in the area of 
portfolio* theory which deals with 
principles underlying the forms in 
which assets are helo, beginning with 
physical assets, at one end, and money 
at the other. He has brought the ‘mar¬ 
ginal principle' to bear in the choice of 
assets under conditions of risk. His 
analysis has shed light on the theory of 
liquidity performance, as initially 
developed by Keynes, as well as on 
the analysis of the ways in which a 
change in money supply is absorbed 
by the economic system. 

"Tobin has been a consistent critic of 
monetarism', the advocacy of which 
is spearheaded by Milton Friedman. 
He has often chosen to meet Fried¬ 
man on his own ground and has 
sought to demonstrate that the unique 
causal significance attached b> 
monetarists’ to changes in *mone> 


.. ^ cmifiot ht on 

the basis of an *as if methodology 
combined with the empirical evidence 
that they have generally produced. 

His work has largely proceeded 
within a broad framework described 
by Paul Samuelson and others as the 
'grand neoclassical synthesis' which 
assigns the government an important 
role in managing the aggregate level 
of effective ctemand without denying 
the market a veiy important and often 
beneficial role in detailed allocation 
of resources. Contemporary ‘stag¬ 
flation' in western economies has 
posed a serious challenge to this point 
of view, and this has permitted 
‘monetarism' to stage a come-back. 
As mentioned earlier, Tobin is fore¬ 
most among those who are arguing 
against simple ‘monetarist' rules. But 
as yet there is no generally accepted 
unified explanation of the current 
economic malaise. While the prob¬ 
lems faced by the developing coun¬ 
tries are in many ways quite different, 
they cannot afford to remain insen¬ 
sitive to the debates currently going 
on amongst leading theorists in the 
West—not only because of their poss¬ 
ible policy outcomes but also because 
the light they may throw on econom¬ 
ics as a science. Tobin is one such 
theorist and we need to study him 
carefully and assess his position in 
comparison with Friedman, at one 
end, and Kaldor, Robinson and their 
followers at the other. 


SUKHAMOY CHAKRAVARTY 

Prof. Chakravarty is with the Delhi School 
of Economics. University of Delhi. He has 
taught at the Massachusetts Institute of 
Technology and Johns Hopkins University 
in the USA and Erasmus University in 
Rotterdam. He was a student and colleague 
of Jan Tinbergen, the first Nobel laureate in 
economics. 
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"Weather observation balloons in short 
supply again, eh?" 




;_ IDEAS A ND INVENTIONS 

Simple hIgh-temperature 
hardness testing device 

Oi’Ks is truly a maicrijils age’; the timely 
cvt»lution ot suitable materials is crucial 


to the progress in important fields like 
aero-space, delence. electioiiics. and nuc¬ 
lear engineering. And at least one mam 
reason f<»r the remarkable progress in 
aero-space technology is that materials 
that can perform well at high operating 
temperatures have become available. h\- 
treme lempeialures, of course, put a 
heavy demand on the properties of male- 
nals Most materials, when exposed to 
high temperatures, tend to soften, oxi¬ 
dise. recivstallise il cold-worked, and 
detorm catastrophically by cieep. the 
slow plastic deformation ol metals under 
constant load It is impoitant. therefore, 
to make sure ih.il thev retain suitable 
ptoperties at high icmpeiatuics. This 
iinolves the ditticulty ol measuring prop¬ 
el lies at high temperatures. 

High-lemperature hardness, one of the 
important mechanical piopciiics, influ¬ 
ences many propcitics ol maictials such 
as wcai-resistance. Inclion, metal cutting 
propcitics. toimability, sflength, etc. It 

pl. ivs ail'impoitant lole m the develop¬ 
ment and qualitv-contiol ot high- 
tempciatiiic wcar-rcsistaiit alh»vs and 
weld deposits iiscil m metal lormiiig, 
high-speed m.ichimiig. steam-valves, 
bcaimgs, etc l)i (j Wnkatiaman and 
Ml. S Aiunagiri ol the C cntial Laboia- 
toiv. Hhaial Heavv I lectromes ltd. 

I iiiKliiiapallv. have de\i‘lopcil and siic- 
ivssfullv used a simple attachment device 
to measure the hardness ot sever«il en- 
gineemig mateiials at high lemperatuies. 
The ileviec has leeeivcd (he hulc- 
IH iidcncc Dav award t»t the Natnmal Ro¬ 
se.ircli DcvclopmcMl ( oiiiicil. New Delhi 

I he invention consists of an attach¬ 
ment device and a lubiilai lurnaee that 
can be used on a standarti tensile testing 
machine. I’hc ileviee eonsisls of two mam 
assemblies, the tie assemblv and the fork 
assembly, machined from heai-iesistant 
alloys. The lie asv’mbly carries a tung- 
sfen-eaibide indeiitoi of cm diameter 
mounteil on a perleet axial support. A 
lest specimen of speeihed si/e. 2 cm 
diameter or I .S cm bv I .S cm sijuare with 
I cm to 2 cm height, is made from the 
maiciial to be tested and inserted be¬ 
tween the twi» assemblies and locked by a 

pm. Two circular collar rings are fixed 
over the assembly to prevent lateral 
movements. 

The attachment can m>w be mounted 
on a standard tensile testing machine. 
When the tic and fork assemblies are 
pulled in the machine, an axial comprrss- 
ivc force is generated pressing together 


the indentor and the specimen. A circular 
impression is produced on the lest speci¬ 
men and its diameter depends on ihe 
tensile load und the hardness of the 
material. 

For high-tempcrafiire testing, the 
assemblies are placed in a tubular fur¬ 
nace. 'Fhc furnace is heated slightly above 
the test temperature before the assemb¬ 
lies arc enclosed in it. A thermocouple 
with Its tip close to the specimen monitors 
the specimen temperature. For metals 
that oxidise easily, an inert gas like 
nitrogen or argon is purged steadily 
through the furnace during heating and 
testing. The specimen is soaked at a 
steady tempeialure tor about 10 minutes 
and the assemblies arc stretched apart up 
to the standard load within 10 to 15 
seconds and the load is held for a further 
15 seconds. 

V^enkattaman and Arunagiri recom¬ 
mend ditfercnt standard loads tor diffe¬ 
rent materials: toi a 0.5 cm diameter 
indentor they recommend 750 kg for 
steels and cast irons. 2.^0 kg lor copper 
and aluminium alloys, 125 kg for eoppci 
and aluminium metals and 25 kg for lead, 
tin and their alloys. The standard load, 
however, depemls on temperature and 
material, It may have to he determined 
bv a lew trials in some eases. 


The diameter of the impTession 
measured by a graduated eve piece at low^ 
magnification after the specimen is takei| 
(Hit and has cooled. The sttmdard handrj 
Uiok formula t herrgives the (Brinell) hard-^ 
ness number. Cooling results in a slight^! 
shrinkage ol impression, but lh4! 
correction for this has rarely to be applied 1 
because the resultant error is estimated 
be much less than one per cent of th^ J 
hardness value; this has been confirmerf^ 
by testing standard specimens with 'a,j 
precise Brinell hardness tester and wirh-| 
the new device. 

In the test carried out. hardness values'< 
were reasonably repeatable for rootti' 
temperatures as well as high tcmpcraTl 
lures. The device is made of heatr 
resistant stainless steel and can be used ' 
for tests up to h50"C. The device, howev- ^ 
cr, can be used up to MIOirC by using-' 
nimonie alloy or thorium oxide dispersed^; 
nickel alloy. ; 

The mam value of the device is that it; 
makes possible high-temperature hard¬ 
ness tests on the tensile testing machine. J 
The device is relatively light and simple • 
and will facilitate the development and 
quality-control ot high-temperaltire 
alloys. 

A. S. THATTEVi 

Dr. Thattey is Assistant Professor in th*' 
Department of Metallurgical Engineerln^l/' 
Indian Institute of Technology, Bombay, ' 



The high temperature hardness testing device can be attached to a simple tensile testing 
machine. The device is enclosed in a tubular furnace. Under the tensile load pulling apart 
the tie and fork assembly, the carbide indentor is pressed into the test specimen to, 
produce a circular impression, whose size will give the high temperature hardness^ 
according to standard handbook formulae 
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The latest Jaguar International, in service with the Indian Air 
Force, is an even more powerful version of the aircraft which 
has proved in service with the Royal Air Force in Britain and 
Germany, with L'Arm6e de l Air in France and overseas, and 
with the air forces of Ecuador and Oman, that it provides the 
versatile, cost-effective weapon system essential to meet 
tactical defence requirements throughout the 1980s and 
1990^. 


■ it combines supersonic performance with outstanding woapt)'' 
load/range capabilities and the ability to sustain high mission 
rates with a minimum of technical support. 

■ it has the advanced systems design and structural qualitres 
penetrate sophisticated defences at high speed and low tf ve' 
in all weathers and to locate and attack the most difficult targr^t*' 
with consistent precision. 




* ^'< 1 '. ihe reliability and ease of maintainability to allow long 
of operation away from base facilities. 

“sstujrt take-off and landing characteristics enable it to operate 
unprepared strips, roads, grass or desert surfaces. 

formidable air-combat, self-defence capability to the 
J'^t^utional survival ability ensured by rugged structure, twin- 
configuration and duplicated systems. 


DMigned and built by SaEaPaEaCa AaTa 
To bo dovolopod and bum In India by 

HINOUSTAN AeRONAUTICt LIMITCD, 

MmSN AKMSPACE A DAtSAULTmilCOUET. FRANCE, 






You save Rs.278 eveiy war 
onCuelbilikwitha 
ftawkinsTpressuie cooker 




lmllavildiis|N9« 
for itself 
in the lint year 

Solve your kerosene 
problem 

Kerosene is difficult to get and 
costs a lot. Therefore, every effort 
must be made to use the minimum 
kerosene for cooking. Modern 
science has a solution. 

Scientific, comparative cooking 
trials with the Hawkins pressure 
cooker have proved that on an 
average it consumes 53% less 
kerosene than cooking in the 
ordinary way. Because cooking 
with Hawkins takes less than half 
the time of ordinary cooking, you 
get similar savings if you use any 
other fuel—gas, coal, wood or 
electricity. 

The best investment 

By using a Hawkins, an average 
family can save over half a litre of 
kerosene per day. Saving on fuel 
alone would pay for your Hawkins 
in the first year itself. Since 
Hawkins is made to serve you for 
years and years, it is the best 
investment you can make today. 

You need not worry if you have 
never used a pressure cooker 
before. Every Hawkins comes with 
a simple, illustrated 
instruction book, with 127 tested 
recipes. The book is available in 
12 Indian ianguages. 



Save on maintenance 

Hawkins gives the least trouble. 

The Hawkins gasket and safety 
valve last longer than in ordinary 
pressure cookers. 

The special Hawkins design 
makes it accident-proof. Because 
the lid opens downwards into 
the pot instead of sideways, 
the lid cannot be opened even 
by mistake until the pressure 
inside falls to a perfectly safe 
level. The safety valve is under 
the handle bar so that when it 
operates the steam is deflected 
safely downwards. 

Free service 

Hawkins has a written guarantee 
for 5 years. All parts covered 
by the guarantee are replaced free. 
Hawkins service is always free. 
There are Hawkins Authorised 
Service Centres with factory^ 
trained mechanics in 115 towns 
in India who provide prompt 
expert service. 

Hawking 


Invest in your family’s 
health 

You may not know it, but a 
Hawkins is also an investment in 
your family's health because it 
gives healthier food than ordinary 
cooking. Studies by the Central 
Food and Technological Research 
Institute show that certain 
nutritive elements, particularly 
vitamins and proteins, are better 
retained in pressure cooking. 

And Hawkins gives you more 
hygienic food because it cooks 
at 122'C. the temperature 
used for sterilisation. 

Nowadays, you cannot afford 
to be without a Hawkins pressure 
cooker. Buy a Hawkins at your 
nearest, most trusted dealer or 
write to the manufacturers, 
Pressure Cookers & Appliances 
Ltd., P.O. Box 1542, 

Bombay 400 001. 



0 Hawkins and Hawkins-Universal 
are Registered Trade Marks 

0 1980 Copyright by 

Registered Users, Pressure 
Cookers & Appliances Ltd. 


Ilie taouble-free pfessine cooker 
tlia& made to serve for yean and yeais 
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HECT THE SMART 
NEW MAGHDIES 

Blake M. Cornish 

The impact of the microprocessor on society may be as great 
as that of the automobile or electric light—even greater. The 
applications of the new technology seem limited only by 
imagination—not by cost or capability 


\ MYRIAD of new devices are 
appearing as a direct result of 
advances in microelectronic technol¬ 
ogy. As prices have dropped and 
capabilities have increased, mic¬ 
roelectronic devices are becoming an 
everyday part of many people's lives. 

Products such as word processors, 
digital watches, electronic games, 
robots, optical-scanning, cash regis- 
icrs, and many others are now tound 
in offices, stores, schools, factories, 
iind homes. 

The technology is still young, and 
its potential for growth is staggering. 
Microcomputers and robots arc two 
relatively new products that arc 
already causing across-the-board im¬ 
pacts in homes, schools, offices, and 
laclories. ' 

Intelligence on a chip 

All experts agree that micro¬ 
computers will become part of our 
everyday lives, like the telephone 
and television. But like these earlier 
technologies, the microcomputer 
must overcome a C’atch-22 dilemma: 
People have to buy them in order to 
discover how useful they are, but 
until they realise how useful they are, 
they won t buy them. 

The telephone faced a similar 
(atch-22 situation in its early days. 
K)r most people, the investment in a 
telephone was not practical because 
so lew other people had phones. And 
because so few people bought 
pliones, the cost of the service re¬ 
mained high. Years later, television 
laced the same dilemma: Since so 
tew people had sets, viewing was 
limited to only a few hours of sports 
and newsreels per week, and since 
viewing was limited, most families 
Icit that buying a set was not worth¬ 
while. But despite these problems, 
almost every American home cven- 
Itiiilly acquired a TV and telephone. 
'Wealthy people, who bought tele- 
iphones and TV sets as status symbols, 
provided a small market that could 
gradually grow into a mass market, 
prices declined and the value and 
ttiiliiy of the equipment increased. 
The microcomputer is now over- 
mi^i Its obstacles and 


spreading rapidly. And like the tele¬ 
phone and television, micro¬ 
computers will transform our society. 
About 278,0(K) units were sold in 
1978, and over 1.2 million will be 
sold in 1982, according to one mar¬ 
keting firm’s forecast—a growth of 
well over 40() per cent. A total of 
nearly 3 million microcomputers 
have been sold in the United States 
alone. infoWorld, a biweekly news¬ 
paper on microcomputing, reported 
the dollar value of the microcompu¬ 
ter industry, including software, sup¬ 
port systems, and peripherals, at $2.6 
billion (about Rs. 23,5(M) million) in 
1980. This market may swell to $14 
billion by 1985. (Some prognostica¬ 
tors even forecast a market of $30 
billion!) Most marketing forecasts 
put the yearly growth rate for micro¬ 
computer sales between 40-60 per 
cent tor the next five years. Home 
computers could easily he in 80 per 
cent of US households by 1990. Jim 
Ediin, director of Micro-Marketing 
Consultants, sums up this growth: 
'‘ The microcomputer is a watershed 
technology—like the electric light, 
the automobile, and the telephone, it 
stands to change our everyday lives 
more than we can know.” 

Small is beautiful 

The technological advances lead¬ 
ing up to the microcomputer began in 
1946 with the first electronic digital 
computer, ENIAC’ (Electronic Numer¬ 
ical Integrator and Computer). 
t:NlA( contained thousands of elec¬ 
tronic vacuum tubes, filled a large 
room, and was slow and clumsy by 
today's standards. 

Blit researchers persisted. A major 
breakthrough occurred in 1947 when 
Bell Laboratories developed the 
transistor. Transistors arc smaller, 
faster, and cheaper than vacuum 
tubes. A more sophisticated transis¬ 
tor, the MGS (Metal Oxide Semicon¬ 
ductor), appeared in 1959, and from 
this the microelectronics industry 
emerged. 

Transistors allowed computers to 
become smaller and faster, opening 
the way for the minicomputer, begin¬ 
ning about 1962. 



Nlne-year-old at primary 
school gazes at the 
pnnt-out from his desk 
computer 


The next major breakthrough 
came in 1971 when researchers at 
Intel, a California firm, developed 
the ‘‘microproccssor-on-a-chip”—or 
more simply, the microprocessor. 
“The microprocessor, more than any 
other microelectronics invention, is 
responsible for the microelectronic 
industrial revolution,” says Adam 
Osborne in his book Running Wild, 
widely hailed as the “bible” of micro¬ 
computer buffs. 

The first commercially available 
microcomputer, which was made 
possible by the microprocessor, was 
sold in 1975. A computer consists, 
basically, of three parts: a CPU (Cen¬ 
tral Processing Unit) to control the 
functions of the other parts of the 
computer; a memory to store informa¬ 
tion; and I/O (Inpul/Outpui) inter¬ 
faces. which allow control of the 
peripherals. Although definitions 
vary, the term mkrocompunr is often 
used either to mean a silicon chip that 
incorporates these three functions, or 
a small computer system (including 
such peripherals as a display screen, 
printer, or keyboard) that incorpo¬ 
rates such a chip. 

Microcomputers do with silicon 
chips what larger computers did with 
transistors (and before that with 
vacuum tubes). The transistor and 
the tube are, fundamentally, switches 
that can turn on and off several 


hundred times a second. This con- 
slant switching on and off is the basis 
of all digital computers. Anything a 
computer works with—letters, num¬ 
bers, or symbols—can be coded in an 
on-off, or binary, language. A silicon 
chip contains thousands of tiny cir¬ 
cuits, each capable of switching on 
and off, that enable the microcompu¬ 
ter to handle its computations. A 
single silicon chip can contain the 
electronic capaoility of 100,000 
vacuum tubes, and this number is 
growing at exponential rates. If cur¬ 
rent growth rates were to continue, 
the computer a century from now 
would have a data memory equiva¬ 
lent to 16.000 human brains, and 
would remain relatively small in size 
and cost. 

''Smart machines" proliferate 

Microcomputers are cheap enough 
' and small enough that they )||ow can 
be put into virtually any instrument, 
machine, or appliance that can be¬ 
nefit from memory, calculations, or 
automatic controls. The microcom¬ 
puter gives the device some 
“smarts", making it a better servant. 
Microwave ovens, sewing machines, 
typewriters, automobiles, and an 
endless list of other “smart 



ket. For instance, a smart microwave 
oven can thaw a roast, cook it, then 
turn itself off. The oven needs no 
reminders from the human cook. 

Microelectronic devices are impro¬ 
ving automobile performance as 
well. Recent surveys of automotive 
industry leaders by Car and Driver 
magazine reveal that fuel economy 
expectations for the year 2000 range 
from 18 to 36 kilometres per litre. 
This high mileage will in part be a 
result of microelectronic controls. 

The microcomputer has made it 
ossible for ordinary people andsmall 
usinesses to own computers, where¬ 
as just a few years ago only the 
largest corporations, government 
agencies, or public utilities could 
afford them. 

Today microcomputers (some¬ 
times called personal computers, 
small computers, or desk-top compu¬ 
ters) have become commonplace in 
businesses; schools are experiment¬ 
ing with them; and an increasing 
number are being sold for home use. 

In business, microcomputers have 
greatly expedited such tasks as inven¬ 
tory control, budget allocation, text 
processing, payroll design, and trans¬ 
action processing, just to name a few 


tile thousands of ap^eatibivs; 

In schools, microcomputers are 
used for teaching traditional courses, 
such as mathematics, English, and 
history, as well as introducing stu¬ 
dents to “computer literacy", a skill 
that soon may oe considered as basic 
as the three K's. 

A classroom computer program 
can drill students individually, prais¬ 
ing them for correct answers and 
preventing them from continuing 
when they make a mistake. Often 
such programs arc also capable of 
“branching": The computer assesses 
a student's responses to determine 
areas of strength and weakness and 
then selectively displays appropriaie 
exercises that are challenging to the 
student without being frustrating or 
boring. Classroom computers can 
also be used for unit review, sell¬ 
testing, and analysis of laboratory 
data. An IBM 1620 at Stanford Uni¬ 
versity has been used to leach sing¬ 
ing! The computer prints out a senes 
of notes, which the student then 
sings. The computer can compare the 
student's pitch with the true pitch to 
determine what exercises the student 
needs. 

But despite the rapid adopiion ol 
computers by some educators, ci)m- 








Visually aided robots perform pick-and>place operations on a production line for 
calculators at a Texas Instruments factory 


puteifk Will piobably iiot bee^^ 
commonplace in the classroom for at 
least 5 to 10 years, due to budget 
constraints, resistance to change, 
lack of comprehensive studies in¬ 
dicating the value of Computer- 
Assisted Instruction (CAi), and lack 
of adequate software. Nonetheless, 
as computer costs decline, as more 
educators are exposed to computers, 
as more and better software becomes 
available, and as '"computer literacy" 
is increasingly viewed as an impor¬ 
tant skill for education and employ¬ 
ment, the classroom computer will 
most likely overcome any obstacles. 
Future developmants 

In the next few years, microcom¬ 
puters will become still more power¬ 
ful and easier to use. Increasingly, 
computers will become self¬ 
programming and therefore require 
very little if any technical training for 
operation. Microcomputing expert 
Jim Ediin points out that computers 
simply won’t be economically viable 
unless they can be commanded 
rather than programmed. He com¬ 
pares the situation to automobiles: If 
cars were still made with hand-crank 
Starters, manual steering, and manu¬ 
al transmission, many people 
wouldn’t buy them. 

A prototype of the self- 
programmjng computer is expected 
U) be commercially available soon. 
Proteus, developed at Massachusetts 
Institute of Technology and mar¬ 
keted by Solid State Technologies, 
requires no codes or special lan¬ 
guages, so users need not be familiar 
with computer programming. Pro¬ 
teus works by letting the user design 
the symbols that tell computers what 
to do. Other computers, commercial¬ 
ly available today, guide the user 
through a programme step by step, 
thus allowing “computer illiterates" 
access to computers. 

The Pcncept System, announced 
and first demonstrated in May 1981 
by Pcncept Inc of Waltham, Mas¬ 
sachusetts, enables a computer to 
read hand-printed characters. The 
user need not use a keyboard, nor go 
through the tedious process of filling 
in small boxes with pencil for a 
computer to read. Hand printing on 
preprinted forms allows the compu¬ 
ter to understand the input material. 
A video display screen shows what 
the computer has “read" so that the 
user can check to be sure the compu¬ 
ter has understood correctly. Using a 
sophisticated system of algorithms, 
the system is able to recognise a wide 
range of writing styles. 

Microcomputing advances still to 
come possibly wiUiin five years are 
mind-boggling. Though industry spe¬ 
cialists dm't agree about how quidkiy 
the a^yaujees wlU come, or fhow far 


the technology can ultimately go, 
even the most conservative forecasts 
are startling. 

Today, a pocket calculator that 
costs about $10, weighs under a 

E ound. and is only a few centimetres 
)ng is more powerful than a bulky 
calculator that could easily have cost 
over $ 1 ,(KK1 a decade ago, By 1985, say 
some industry enthusiasts, a prog¬ 
rammable hand-held computer will 
have the power of today’s most pow¬ 
erful commuter, Cray I, which cost $9 
million. The nanoprocessor, which is 
1,000 times more powerful than the 
microprocessor, could be available 
within a decade. The next step after 
that will be the picoprocessor, one 
million times more powerful and 
based on molecule-sized circuits. 
I^ewis M. Branscomb, vice president 
and chief scientist of IBM, has specu¬ 
lated that the ultimate picoprocessor 
might be patterned on DNA. 



Computers are becoming easier and easier 
to use. This one requires no keyboard. And 
the user not needing to be a professional 
programmer will allow a totally new audi¬ 
ence to use computers 

Factory of tha futura 

Industry applications of micro¬ 
electronic intelligence are changing 
the look of some factories, and this 
“electronic work force” will almost 
certainly grow during the next de¬ 
cade. Robots, computer-aided de¬ 
sign, computer-controlled manufac¬ 
ture, and a host of other technologies 
arc shaping the factory of the future. 

Despite all the talk about robots, 
US manufacturers have only “hired" 
abcMit 4,000 so far, mainly for the 


automobile industry. But during the 
next 10 years, the industrial robots are i 
expected to lake over more and more - 
jobs. In Japan which discovered the 
economical advantages of robots be- ^ 
fore most other industrial nations, 
the goal is to have factories without 
any human labourers at all by 1985. ; 

Robots are a manager’s dream; 
They never take coffee breaks or 
lunch hours; they willingly work 
three eight-hour shifts a day; they 
don’t complain about doing un¬ 
pleasant work; and they never take 
time off for union meetings. Robots 
now can do many tasks faster, cheap¬ 
er, and better than human beings. 

Just what is a robot? Generally 
speaking, a robot is any machine that 
performs jobs previously assigned to 
a human being, is self-operating, and 
is “intelligent"—that is, it contains 
electronic logic in the form of a 
microcomputer. A robot must be 
versatile, a characteristic provided by 
the microprocessors. Versatility 
makes robots economically feasible, 
because robots are designed for 
manufacturing tasks that freauently 
change. Manufacturing tusks that are 
hi|[hly standardised, such as yarn 
spinning, will continue to be done 
with specialised automated machin¬ 
ery rather than multifunctional 
robots. However, automobile models 
change each year, often drastically, 
and robots’ versatility allows a task to 
be automated even when a particular 
function may be performed only 50 
to 1(K) times. The robots can be 
repeatedly reprogrammed to per¬ 
form different functions, depending 
on the needs of the factory. 

Most industrial robots in use today 
are hardly recognisable as robots. 
They do not look like mechanical 
men but more like pieces of automa¬ 
tic machinery. Usually a robot is 
simply a mechanical “arm", with two 
to six joints. The robot’s “hand", 
called an “end effector", can be 
changed, depending on the job. I'he 
“hand" can he a welder, a riveter, a 
paint spray gun, a scoop, or a claw. 
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**Some human vhrkers have mttheir Uvesm Sie ’ 
job. But if a robot leaves its arm in the way of a 
die^ it can be repaired or replaced. And because a 
robot can *t daydream or be distracted, it is less 
likely to leave its arm in the way. ” 


Modern industrial robots are easily 
programmed. All the programmer 
need do is guide it through the 
fnf)tions of a task, step by step, and 
press a programme memory button. 
The robot remembers the process 
and can repeat it any number of 
times. 

Robots can perform uncomfort¬ 
able, dangerous jobs. Unlike their 
human counterparts, robots can 
handle loads up to 950 kilogrammes 
or work efficiently in temperatures 
trom 5 to 5(rC. The die-casting in¬ 
dustry. for instance, uses robots be¬ 
cause of the danger in walking be¬ 
tween the large moulds into which 
molten plastics and metals are 
poured. Some human workers have 
lost their lives on the job. But if a 
robot leaves its arm in the way of a 
die, it can be repaired or replaced, 
and a human injury is avoided. And 
because a robot can't daydream or be 
distracted, it is less likely to leave its 
arm in the way. 

Despite recent advances, robots 
arc still limited in their usefulness, 
because they must be programmed to 
perform a function in a very precise 
manner and the materials they are 
working with must be precisely coor- 
dinalecT For instance, a spot-welding 
robot on an automobile assembly line 
welds exactly the same place time and 
time again, until it is turned off or 
reprogrammed. If the auto parts 
moving down the assembly line slip 
just a Traction of a centimetre out of 
place, the robot will miss the correct 
spot to be welded. To deal with this 
problem, roboticists are developing 
sensory capabilities for robots. 

Robots see, hear, feel 

Already, some robots used by 
Texas Instruments to inspect calcula¬ 
tors are able to “see": One robot 
picks up the calculator, another 

resses a predetermined sequence of 

uttons, and a third '"reads" the 
answer, checking to see that the 
calculator computed correctly. 
Seeing robots are still crude, clumsy, 
and costly, but their skill is expected 
to improve and their price to fall in. 
the next fevy years. 

“Our management estimates that 
it will take H) years to make sensory 
capabilities cost effective," says Joan 
Juzwiak of Prab Conveyors, a major 
noanufacturer of robots. '"Vision sys¬ 
tems just are not practical, not yet/’ 


Autoplace Inc, another robot 
manufacturer, is already marketing 
its Opto-Sense® vision system. “The 
biggest value of the vision system a.s 
we see it is that it is part of the 
production process. We can inspect a 
part within a fraction of a second", 
says Frank Kadlec of Autoplace. 
“When you automate, you get im¬ 
proved productivity and improved 

uality control_It’(a robot) 

oesn’l blink, and it gives you a 
permanent record that you have in¬ 
spected the product." 

Some robots are getting a sense of 
touch. Draper Labs has developed a 
robot with a rudimentary sense of 
touch. The robot can tell when a part 
doesn't “feel" right in its hand, and 
can alert its foreman. I'he robot is 
also able to jiggle a part until it fits 
properly into place, using sophisti¬ 
cated sensors to follow the contour of 
the object being worked on. 

Researchers at the Massachusetts 
Institute of 1'echnology have de¬ 
veloped a type of “artificial skin,' 
which gives the robots a .sense ot 
touch. The “skin" consists of sheets 
of rubber laced with wire. The top 
sheet has an electric current running 
through it, so that as pressure is 
applied, the top sheet passes the 
current down to other levels of the 
rubber sheets. I'he amount of press¬ 
ure applied determines which sheets 
of rubber and wire arc electrified. A 
microprocessor measures the voltage 
of the different levels of skin and can 
form an image of the object being 
touched. 

Robots that can hear would also be 
a boon to the factory of the future. 
With a microphone for an eardrum, a 
robot can convert sound waves into 
number sequences, and then com¬ 
pare these with various number sequ¬ 
ences stored in its memory to deter¬ 
mine the meaning. Hearing is still a 
difficult task for robots and other 
microelectronic devices, but capabili¬ 
ties are expected to improve ranidlv 
in this area, too, during the 1980s. 

Robots won't be limited to human 
senses, however. Depending on then 
intended use, robots may be given 
infrared sensors, sonar, ultraviolet 
sensors, radiation detectors, or a 
variety of other special senses. 

The next step in creating the 
sophisticated robot of the future is (o 
integrate sensory capabilities with 
more sophisticated efectronic logic. 
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A blind robot will operate exactly as it 
^as pr^ammed; rej^dless of changes 
in its immediate environment. Even if 
the assembly line stopped, and no more 
parts to (he robot, it would 
continue to repeat the same operation 
tilde and time again, until a human 
tntervenedi But a seeing robot can 
adjust to such changes. 

Seeit^ robots can also inspect parts 
and as.semblages as they go down the 
production line, thus improving quality 
as well as productivity, ‘if manufacture 
ers are going to improve product quali¬ 
ty. there is a definite need for compu¬ 
ter-controlled vision systems*', says ‘ 
Richard ti. Abraham, general manager 
of Autoplace Inc, which markets the 
Opto-Sense vision system. “Computer- 
controlled visual inspection eliminates 
operator guesswork in many cases, and 
results in big quality improvements.'* 

Electronics firms, auto manufactur¬ 
ers. and robot manufacturers are all 
involved in the quest for economical 
machine vision systems, and several 
methods have already emerged. 

Most vision systems use solid-state 
television cameras for robot eyes, but in 
order for a robot's microaimputer brain 
to understand the picture, it must be 
digitised, that is, coded using '‘bits'* 
(binary digits). Everything a computer 
deals with must be digitised, whether it 
is. a number, a tetter, a song, or a 
painting. The more detailed the image, 
the more bit capacity is needed. 

A colour teievii^on camera provides 
good resolution, hut it generates a 
tremphek^us amount of data-*'21:! mil¬ 
lion bits per iiajtmd—-which is far too 
much f^vf ah ipexp^hsive micftKompu- 
ter to digest ai^ analyse. So roi>i>ttcists 
arc devohpydni .methods to reduce the 
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In many vision systems, the compu¬ 
ter's original programme would include 
a digital picture of the part being dealt 
with, and the computer would compurc 
the two images in order lo identify the 
part. Once a part is identified, it may be 
necessary tor the computer to tell tl>e 
robin where and how to pick up the 
pan. One way for the computer to do 
this is to find the edges of the part, hy 
kicking for areas where there is a 
sudden change from light to dark. The 
computer can use *ither programme.s to 
join different edges together to form 
boundaries, and, by using suitable ini'Hl- 
cls stored in its programme, the outside 
Nmndartes and htrles can be deter¬ 
mined. the part identified, and the 
position and orientation ctmiputed. The 
computer then has enough information 
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A “smart machine" deveippw 
Western Electric secs in colour., thannj^ 
it is not considered to be a 
because it is single-purpose, not flenM 
ble. and not reprogrammalu^ 
machine sorts telephone parts by 
our, using an electric eye than meaaui^ 
the primary colour components of it^'> 
reflected from the surface of eaiph tek’^i 
phone part, in much the same way 
the human eye determines ji'olour. • '.Jl 
Researchers are trying to dcyglpp 
variety of other vision sy^keiiw fi^l 
robots, such as sterci>scopic .systems io ? 
see in three dimensions and loser light 
systems that will serve to filter out alt ;? 
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Commented one roboticist. 'iiVhcthfef.'^ 
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sions. A robot would be able to 
itecide fiuch things as whether a 
damaged part is repairable or 
should be discarded, or, if the robot 
itself is slightly damaged, it would be 
able to decide whether to turn itself 
off and alert a human or wait to the 
end of its “shift" 

Implfcations for employment 

The long-term impacts of robots 
end computers on the factory of the 
ftiture will be profound. So far, 
robots have been used mainly for 
dangerous or extremely unpleasant 
jobs. But in the future, robots may 
lake away jobs that humans want. 

Opinions vary widely on just how 
many factory jobs could be elimin¬ 
ated. The founder of Unimation, a 
major robot manufacturer, says that 
no more than 5 per cent of the 
Uue-collar jobs will be eliminated by 
the year zO(X). Other automation 
experts have estimated that robots 
will reduce today's factory work 
force by 65 to 75 per cent. While 
keeping a close eye on robots, labour 
unions do not view them as a threat 
to workers—at least not yet—be¬ 
cause robots must constantly be 
maintained and fed parts to work 
with, and someone has to build the 
robots in the first place. Furth¬ 
ermore, unions realise that if robots 
can cause increased economic growth 
(as automation generally does), more 
jobs will be created than lost. 

But there is a possibility of a 
virtually unmanned factory. The 
Italian automobile company. Fiat, 
believes that sensory robots would 
slash manpower requirements by 90 
per cent over the next 10 years; 
computer programmers and techni¬ 
cians might comprise most of its work 
force by 1990. 

Osborne, in his book Running 
Wild, says, “Given the tasks that 
robots will be able to perform, their 
impact on the blue-collar force will 
be profound. Most assembly line jobs 
will be eliminated. Automobiles, 
washing machines, and television sets 
will all be assembled by robots. 
Robots will even assemble them¬ 
selves." Indeed, 50 robots in Japan 
have begun reproducing themselves, 
manufacturing new robots 24 hours a 
day. 

Other applications 

Besides controlling robots, compu¬ 
ters will work harder and harder in 
the factory of the future. In addition 
to Computer-Aided Design (CAD) 
and Computer-Aided Manufacture 
(CAM), potential computer work in¬ 
cludes automating warehousing, 
packaging;^ inspection and product 



testing, and inventory control. Com¬ 
puters already control a wide variety 
of manufacturing equipment, and are 
even beginning to automate manage¬ 
ment, helping company executives 
make decisions about advertising, 
marketing, purchasing, and labour. 
Computers are also involved in rating 
and improving factory efficiency. 

A Ford Motor Company parts 
warehouse uses a voice-activated 
conveyor belt for shelving goods. 
When a package arrives at the load¬ 
ing dock, an employee places it on a 
conveyor belt and reads the destina¬ 
tion into a microphone. The package 
is then automatically carried to the 
proper place. 

Computers have automated 
order-handling for factories. A com¬ 
puter can contain all the records of 
invoices, purchase orders, and pay¬ 
ments—records that traditionally 
take up rows and rows of filing 
cabinets. If a clerk wishes to apply 



A single microchip can contain the comput¬ 
ing capability of 100,000 vacuum tubes. 
This miniaturisation of electronic compo¬ 
nents allows a variety of new applications 
for computers 


payment to an outstanding invoice, 
ne can use a light pen to pick out the 
invoice number from a master list on a 
computer terminal's video display 
screen. The computer can then pro¬ 
duce the full invoice, and the account 
can be updated. The procedure can re¬ 
duce the cost of handling transactions 
by 30 per cent. At the same time, com¬ 
puterised credit checks have reduced 
losses due to bad debt. 

The factory gf the future will 
almost certainly be vastly more auto¬ 
mated than today's factory. Just as 
the industrial revolution took many 
workers out of agriculture and em¬ 
ployed them in industry, so the mic¬ 
roelectronic revolution may take 
many workers out of industi^ and 
employ them in the production of 
information and other services. 

Microelectronic technologies 
already have changed the daily lives 
of millions of people: Office workers 
use word processors; shoppers pick 
up cash from 24-hour computerised 
bank tellers; students receive compu¬ 
ter-assisted instruction. The rapid 
advances and pervasive impacts of 
the technology during the past de¬ 
cade, coupled with the anticipated 
acceleration of the development of 
new technolo^, clearly inoicate that 
remarkable changes in our everyday 
lives will occur as a direct result ol 
microelectronics. 


Blakt M, Cornish, a membar of the Futurist 
staff, contributed to the special report 
on the information aociety prepared by the 
World Future Society for the 1981 Ham¬ 
mond Almanac. Copyright (g) 1981 by 
Futuriat. Reprinted by permission. 








Education was never so entertaining. 

PHOTOPHONE 

presents a comprehensive 
range of 16 mm 
educational films from 

and 

ENCYCLOPAI DIA 
BRHANNICA. 



If you're involveci in education or 
training, you know the importance of 
keeping monotony and boredom out of 
your curriculum. And you know, the 
importance of the audio visual mediun^ 
in stirring up people into exploring and 
understanding the world around us. 

Now Photophone, the people who make 
India's finest audio visual equipment 
(like S-8, 16. 35 and 70 mm movie 
projectors and overhead projectors), 
bring you a whole range of Walt 
Disney and Eitcyclopaedia Britannica 
films for educatioi^ and training in 
16 mm Covering the arts and the 


sciences. Music and literature. Health 
and safety. Business and economics. 
And more. 

Each film has been planned and 
produced by experts, using the latest 
teaching methods and cinematic 
techniques to make their point. And 
considering the expertise involved, 
these films come to you at very 
reasonable prices, making Walt Disney 
and Encyclopaedia Britannica films an 
investment every school or company 
can afford. 

For more information,write or call us. 
Today 



Photophone Ltd. 

Educc'ttiotuil Filnis Division, 7 Saki Vihar Road, Bombay 400 072. 
Tei F.82493 • Teleritams ; PHOTOPHONE • Tlx: 011-6615 FAZL IN 
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Growing children have special a ' /? 
needs, since they normally M 

complete most of their growth % . 

by the age of 15 or 16. % 

Proteins are the nutrients which % ^ 
directly contribute to growth. 

That's why your children need X 

COMPLAN-now. COMPLAN not / 

only has proteins<20%) but also / 

the best proteins (milk proteins) I ^ 
children can get. It also contains 22 I 
other vital foods like carbohydrates, I 
fats, vitamins and minerals that louMdth. 
children need in their growing years. I j 
Start your children on COMPLAN— \ 
twice a day, every day. Remember, \ 
COMPLAN is the planned food most \ ^ 
recommended by doctors. 

COMPLAN is available in delicious Chocolate, 
Cardamom-Saffron and Strawberry flavours— 
and also Plain. Children just love the tastel 
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_ are shrinking. In fact, the reces¬ 
sion of glaciers began a few centuries 
ago. Even pilgrims trekking to the 
snow-covered Himalayas bring fresh 
corroboration of this world-wide 
trend. The Gangotri glacier, the 
source of the holy Conga,has retre¬ 
ated by 600 m between 1935 and 
1976, and the Pindari glacier has 
retreated by about three kilometres 
during the past 130 years according to 
the Glaciologicul Division of the 
Geological Survey of India (GSi). And 
of nearly 100 glaciers in the Swiss 
Alps that have neen monitored since 
1890, more than 75 per cent have 
been receding, except between 1912 
and 1928. 

Glaciers, including the huge Green¬ 
land and Antarctica ice sheets, con¬ 
tain more than thrcc-(juartcrs of the 
world's fresh water; indeed, if the 
ice-sheets melt, the sea level would 
rise, inundating low-lying coastal 
areas. The fresh water from 
Himalayan glaciers has a special sig¬ 
nificance for India. Glaciers are an 
important source of water for the 
northern rivers, most of which have 
large catchment areas thick with 
glaciers. During the monsoon, the 
rains feed these rivers and in the 
winter groundwater sustains them, 
but in the lean period of summer most 
of their water comes from melting 
snow and glaciers; that is why the 
northern rivers arc perennial, unlike 
peninsular rivers. 

The ice sheets of Greenland and 
Antarctica form an overwhelming 97 
per cent of the glaciers, and their melt¬ 
ing and growth have far-reaching 
influences on climate and sea levels. 


grow, and warm periods called the 
“iiucr-glacials ' when the ice sheets 
shrink. 

The older glacial epochs are poorly 
documented, but more recently the 
Earth definitely experienced cold 
climates around,450, 350 to 250 and 
one million years ago; and a 
significantly warm period about 80 
million years ago. These cycles con¬ 
tinue with smaller periodicities and 
different amplitudes, and the most 
recent glaciation came to an end 
about 10,000 years ago. Presently, 
the Earth is going through a relatively 
warm period emerging out of a little 
ice age which lasted about four cen¬ 
turies, These cycles are responsible 
for the growth and recession of 
glaciers, which are very sensitive 
monitors of climate. 

The continental glaciers, though 
numerous, are much smaller in si/e 


than the polar glaciers. Though 
accounting for only about three pef/ ,; 
cent of glacier icc, the amount of ;■ 
ice in the Alpine, Himalayan and { 
Andean glaciers is by no means small. 
The Himalayas—which have nearly • 
15,(H)0 glaciers—are one of the j 
largest continental areas under ice. It; ; 
is estimated that about 33,000 square ; 
kilometres constituting about 1/ per ; 
cent of the Himalayas and 16.000 
square kilometres amounting to ; 
nearly 37 per cent of the Karakoram ' 
are ice-clad. 

An average Himalayan glacier has ; 
a capacity of about a tenth of a cubic /; 
kilometre, but even a medium glacier ; 
can provide enough water to fill a 
large dam like the Bhakra which has a , 
capacity of about 8 cubic kilometres. 
And a large glacier like Gangotri can - 
fill it thicc times over. Yet, in spite of i 
its importance, glaciology, the study 
of glaciers, has been largely neg- ; 
Icctcd. 

Little was known about Himalayan 
glaciers and their dynamics, till 
recently. Because of the craze for 
more fashionable research, so little 
work has been possible that we have 
hardly any idea of how much water 
Indian rivers get from snow, rain, 
groundwater or glacier melt in dif-, 
ferent seasons. The lack of such, 
information seriously handicaps the 
planning and management of reser¬ 
voirs on these rivers for irrigation and 
power generation. 

The lack of interest has also kept 
facilities for glaciological research at a 
very low level. In western countries, 
equipment and personnel are trans¬ 
ported by easily available helicopters 
to the remotest places. Snow-mobiles 
and snow-scooters arc also now avail¬ 
able for moving over glacier surfaces. 
In India, however, most ot the traps* 
portation has to be manual, requiring 
several days or months of trekking on 


The Earth periodically goes alter¬ 
nately through several cold periods 
called “glacials" when the ice sheets 



Tig. 1. An ice-cave near the terminus of the ChangmenKhangpu glacier In Sikkim. Flowing 
melt can produce such sub-surface caves In a glacier 






ditibns, thus, inviiriafaly bccQme* ^ptu 
consuming and inefficient. 

There are however some sigtia ©f 
growing interest in glacier studies. 
The OSi, particularly its Glaciology 
Division in Lucknow and Calcutta, 
started monitoring some Himalayan 
glaciers since the mid> 1970 s. Some 
limited effort has been initiated in 
other laboratories like the Snow and 
Avalanche Study Establishment, 
Manali. And, recently, a systematic 
study of glaciers has been taken up in 
the Physical Research Laboratory, 
Ahmedabad. 

There arc several techniques used 
in studying glacier dynamics. These 
include methods of dating glacier ice 
(see box below ).mapping. and mass 
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swi^mg INuaer 
inf^boloj^, the climatic histoiy and 
its intermation with glacier dyna¬ 
mics, and by sbitable mathematical 
models, it is possible to predict the 
future behaviour of glaciers. ' 

The anatomy of glaclara 

A glacier is a body of ice that origi¬ 
nates on land by the recrystallisation 
of snow under definite con* 
ditions: it needs (1) a distinct area 
where more snow or ice usually 
accumulates than what melts—^the 
accumulation zone, (2) another dis¬ 
tinct area where more snow or ice 
usually melts or wastes than what 
accumulates—^the ablation zone, and 
(3) a slow transfer (by creep) of the 


ice mass froim the first region to the 
second. 

In the accumulation zone, even at 
the peak of summer, the temperature 
is too low to melt all the snow. In the 
ablation zone, which is at a lower 
altitude, snow may deposit in winter 
but the summer temperatures are 
high enough to melt the snow and 
even some ice. The line separating 
accumulation and ablation zones is 
called the equilibrium line. The ter¬ 
minus of the glacier or the snout re¬ 
presents the lowest point where ice 
can survive. 

Sometimes water flows doilmi ^fom 
the snout of the glacier to form a lake 
downstream. Sediments depositing in 
such lakes contain records of clacier 
melting. In a receding glacier. 


iu^nes or the debi^ tefr Its 
as the glacier shrinks can proviw 
clues to the history of glaciers. 

Glaciers vary widely in forms and ;< 
characteristics. The major mor-. 
phological types include (1) the cliff ^ 
and the drcme riaders, (2) the valley 
glaciers^ana (3) thf! continental ice 
sheets. The clin gladers are almost a 
triangular wedge of ice, often with a 
convex surface, and lying in a shallow 
funnel-shaped hollow m the upper 
parts of a hiUstde. When the snow nne 
descends as in winter, the ice of a. 
cirque (a steep endave high on the 
mountains usually forming the blunt 
e^e of a valley), moves out of the 
cirque basin and down the valley to 
form a valley glacier. Continental ice 
sheets, piled onto the continental ; 


the length of time. Since the climate var¬ 
ies over long periods, the growth is not 
uniform and the rate of growth has to be 
independently determined. 

A number of lichen species like 
Xamhoria elegance^ Lacenora rubina 
and Panodina have been detected in gla¬ 
cial moraines from Indian gladers. 
Xanthoria elegance is the dominant 
species found near the snouts of the 
Gangotri and Gara glaciers. Rhizocar- 
ffon geographicum has been the most 
widely used lichen species for studies; it 
has a bioad distribution, a long life and a 
constant# agc-to-si7e relationship. 
Moraine ridges have been dated by this 
technique back to AD 1750 and the 
largest R, geographicum thallus has been 
observed to be 220 mm in diameter, 
making it as old as 0,000 years. Ihe 
growth rates of different species gen¬ 
erally vary from 0.01 to 0.15 mm a year. 
I'hc technique has also been successfully 
employed in the Gangotri, the Gara and 
other Himalayan glaciers; their terminal 
morainc.s were a few hundred years old. 

The use of remote sensors based on 


satellite imageries or aerial photography 
is one ot the modern techniques to study 
some problems like assessment of 
annual snow cover, and the iden¬ 
tification of glaciated areas and surface 
water reservoirs over large areas in a 
short time. Making use of infrared, ultra 
violet and false colour imageries (Table ) 
lot of information about snow cover and 
glaciers can be obtained. 
Microwave and radio techniques can be 
used to estimate the depth of ioe. Such 
techniques have already been applied in 
Denmark and Norway to assess snow 
cover and water discharge. And because of 
the vast areas involved and their poor 
accessibility, remote sensing should pro¬ 
vide one of the most effective and prompi 
techniques in compiling a glacier inventory 
of the Himalayas. Indeed, if appropriately 
calibrated with the data obtained on 
ground, even the potential water discharge 
through rivers can be known. 

N. B. 

V, N. N. 


Tah/e; Potenttat applications of remote sensing 


Type of 

eleciromegnetic 

spectrum 

Pert of the spectrum 
(microns) 

Propertlee studied 

Type off Sensor 

Gamma-. X-, and 

ultraviolet 

rays 

.005 to 0.4 

Elemental chemistry 
and mineralogy 

Special aerial 
photographic and 
counting techniques 

Visible 

0.4 to 0 7 

Area and position 
of ice. snow and 
water reservoirs 

Aerial photography 
(black and white 
and colour) and 
false colour 

Near infrared 

0.7 to 10 

Water content, chemistry 
of dust and surface 
temperatures 

Aerial photography 
(colour) and special 
detectors 

Tar Infrared 

10 to 1.000 


Scanning radiometer 

^^icrowave 

1,000 to 100.000 

Temperatures and 
electrical properties 
at depths 

Microwave sensors 
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t Bq. 2 Melt water accumulates to form an en-glacial take in the Changme-Khangpu glacier 
■■ In Sikkim 


crust arc found in cold polar climates. 
In the polar glaciers, the temperature 
is below the freezing point even at 
considerable depths and even in 
summer there is practically no melt¬ 
ing. In the temperate glaciers, the 
temperatures are not much below the 
melting point of icc, except in winter 
when the top layer may be frozen to a 
depth of tens of metres. The temp¬ 
erate glaciers produce copious run¬ 
off, and almost all the glaciers in 
Scandinavia, the Alps, the Americas 
and the Himalayas fall in this group. 

, Besides direct precipitation, in the 
Himalayas, avalanches also form an 
important source of snow deposition 
because of the steepness of the hills. 
Also, the Himalayan glaciers are at 
much higher altitudes compared to 
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Ftg.3 How a Himalayan glacier accumu¬ 
lates and loses ice with changing seasons 
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many others, such as Alpine glaciers, 
because the Himalayas, being at 
lower latitudes, are warmer. The 
perennial snow line (or equilibrium 
line) in the Indian Himalayas ranges 
from an altitude of about 4,300 
metres in the west to 5,600 metres in 
the cast, though this line may change 
from year to year even for individual 
glaciers. 

Most of the Himalayan glaciers arc 
only a few kilometres long, a few 
hundred metres wide,, about 10 
metres thick at their snout, and up to a 
few hundred metres thick in the 
accumulation zone. There arc excep¬ 
tions, like the Zemu in Sikkim and the 
Gangotri in Himachal Pradesh (each 
about 26 km long), which are among 
the largest continental glaciers. And 
the Karakoram has even larger 
glaciers like the Siachen which is 72 
km long. 

Flow and mass balance 

In spite of being solid, icc in the 
glaciers can flow because an ice cry¬ 
stal easily deforms and changes its 
structure. The steep slope and con¬ 
tinuous accumulation in the accumu¬ 
lation zone, in addition to this struc¬ 
tural change, keep the icc moving 
along. The surface ice of the glacier 
moves faster than icc at depth (Fig. 7). 
The path of ice within a glacier is 
complicated, but in general, ice is 
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Fig. 4 During 1977, the Nehnar glacier, 
Kashmir, shows a net ablation rate of 2 
metres per year from its mass balance curve 
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Fig. 5 Per cent of receding glaciers in the 
Swiss Alps from 1890 to 1975. Figures com¬ 
piled by Ki'sser and Allen 


Fig. 6 A team from the Geological Survey of 
India carrying out a thermal drilling oper¬ 
ation in the Nehnar Glacier. Kashmir. The 
tripod in the foreground aligns the corer 

practically static near the snout, 
moves very slowly in the accumu¬ 
lation zone, picks up velocity down¬ 
stream, and reaches its peak velocity 
near the equilibrium line. The 
velocity contours determined by con¬ 
tinuous monitoring of some glaciers 
indicate that the speeds vary from a 
few metres a year to 100 metres a 
year. 

One conventional method for 
determining the flow rate and mass 
balance uses graduated long mul¬ 
ticolour aluminium stakes buried 
about a metre deep in the glacier sur¬ 
face using a thermal or hand-operated 
drill and studies the movement of die 
stake in all the three directions with 
respect to a stable “reference" pos¬ 
ition. This method gives the mass bal¬ 
ance and flow rates over short periods. 

Several Himalapn glaciers have 
been studied using this techni¬ 
que, for example, the Nehnar in 
Kashmir, the Gara in Himachal Prad¬ 
esh and the Changme-Khangpu in 
Sikkim. The studies found that most 
glaciers had a negative mass balance 
during the past decade,, that is , more 
ice is melting than the snow that is 
accumulating. That glaciers have 
been receding is also evident because 
several tributaries once connected 






with the main body of the glaciers are 
now disconnected—consequence of 
the severe negative mass balance. If 
this trend continues, the con¬ 
sequences could be severe. 

All glaciers, even those in the same 
basin, do not behave alike. While 
some advance, others in the same basin 
may retreat because the response limes 
of individual glaciers are 
different. It is thus necessary to 
observe a large number of glaciers 
over a period to understand climatic 
changes. The lim'itcd data available 
from studies indicate that, for¬ 
tunately, the trend of recession is 
reversing, at least for some glaciers, 
during the last couple of years, 
though only continued observations 
lor years at different locations can tell 
us if this is a global trend. 

Finally, the geologic evidence sur¬ 
rounding a glacier is equally impor¬ 
tant to understand its behaviour. The 
mapping, geology and gcomor- 
phology together then provide impor¬ 
tant parameters for dynamic models 
of glaciers. 

Mathematical modelling 

Mathematical models are a poweriui 
tool in data analysis and interpre¬ 
tation as also for predicting the 
response of glacier syslcms.Vital to 
the reconstruction of climatic history 

Horizontal velocity (metres/year) 



Fig. 7 How horizontal velocity varies with 
, glacier, Gmda 


is the link between the change in the 
glaciers* mass (annual balance) and in 
the local climate. 

The different chronological records 
left by glaciers take the weather 
records far bdek in time. Moreover, 
because of the glaciers* large response 
fime, it becomes possible to predict 
the future behaviour of glaciers, 
including the quantity of water avail¬ 
able in the short and long run, if a 
climate-glacier model is available 
relating the behaviour of glaciers to 
meteorological variables. 

The input parameters of such a 
model are provided by systematic 
data about the precipitation and ice 
temperatures, the advance or retreat 
of snout ice, the shrinkage or swelling 
of glacier size, the glacier’s mass bal¬ 
ance, and glacier flow rate—all col¬ 
lected over a long period. 

Most of ihe mathematical models 
are based on a theory of kinematic 
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Fig. 9 Suspended dust (dotted line) and 
oxygen-18 deviation in the deep ice core of ; 
the Nehnar Glacier, Kashmir 


waves which has been fruitfully " 
applied to problems as different as ! 
flood waves in rivers and road traffic 
in big cities. J. F. Nyc, of the Uni- ; 
versity of Bristol, UK, has developed ; 
such a model based on some sim- 
plifying assumptions: (i) that the ;; 
discharge depends on the distance 
from the snout, and the ice thicknesS;,.. 
.width and slope of the glacier, (ii)that 
the temperature of the glacier is ' 
uniform, (iii) that the ice has a i 



Fig. 8 Measuring how temperature of ice changes as we go deeper is crucial in under^ 
standing the heat and mass balance of a glacier. Each cable of the electronic device In the 
temperature maaaurlng arrangement shown has s thermocouple sensor that reaches to/ 
different depths below the glacier surface 


H, 


' uniform density, so that mass and vol¬ 
ume are conserved, (iv) perturbation 
from the steady state is small, so that 
slow advance and retreat can be bet¬ 
ter studie<tand (v) the perturbation in 
mass balance depends only on time. 

Sucn models suggest that glacie: 
mass balance is very sensitive to pre¬ 
cipitation, temperature, albedo (sur¬ 
face reflectivity) and cloudiness. With 
a decrease in summer temperatures of 
even one degm Celsius, or an increase in 


the winter accumulation by ten per 
cent over a lon^ period, elaciers 
would grow continuously. On the 
other hand, even a small amount of 
dust present will change its albedo by 
about two per cent leading to a con¬ 
siderable increase in melting. How¬ 
ever, these models need to be 
improved bv extending them to cli¬ 
mate records several thousand years 
back using known glacier fluc¬ 
tuations. 



Fig. 10 Satellite view of the Nehnar glacier area The glacier is circled 



Fig.i 1 The snout ice of the Nehnar Glacier, Kashmir, on an average, ia about 500 years oia. 
This map of the Nehnar glacier shows the altitude and velocity contours (measured by 
stakes) obteined by the QSi. Aleo shown are radiometric ages of'surface samples and the 
accumulation and ablation zones 
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Since the melting of glaciers is sen¬ 
sitive to the albedo, attempts have 
been made to increase artificially the 
melting rate. Crude techniques such 
as spreading coal dust on the glacier 
surface have been attempteo, with 
increased melting but with some pol¬ 
lution of the environment. In 
principle, of course, improved techni¬ 
ques of increasing water discharge in 
lean periods arc possible. 

One such possibility is sliding the 
glaciers down to lower altitudes by arti¬ 
ficial surging where it will melt faster 
because of higher tempemtures. This 
new idea, still untested, can only be 
adopted, however, after careful design 
and proper consideration of long term 
ecological effects. 

Nevenneless, the techniques of con¬ 
trolling glacier discharge remain impor¬ 
tant. Even though wc know so little 
about our glaciers today, they are an 
important water bank with a crucial role 
in harnessing our northern rivers. Nbi 
knowing about them is like not knowing 
one's bank balance. 
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Fig.i2 Variation dunng summer and winter is clearly shown in an ice core from Greenland, by the data on oxygen-16 deviation through each annual 
layer (marked by the calendar year) 








By 1985. this plane wHbe the 
most profitable for 32% of the sky. 


The future of air travel. 

The world is getting smaller. And 
airline routes are getting longer 
Long, thin 
routes 

(greater than 
3,000 miles, 
tarrying 
moderate 
passenger 
loads)totaled about 25% of air route 
mileage in 1975. By 1985, that 
number will be approximately 32%. 

It makes sense. 

Today's business centres are not 
limited to North America and Europe. 
Across the globe, our changing world 
is creating greater demands for big 
jetliners that can fly nonstop over long, 
moderately traveled rt)utes. 

Among tne wide-cabin jetliners in 
the air today, only one can meet this 
demand forgreaterairline profitability. 

L-1011-500: For profitability 
and more. 

The Lockheed L-1011-500 TriStar 
handles long, thin routes at a greater 
airline profit. 

In fad, one of the world's foremost 
airlines determined that the L-1011 


operates at plane mile costs from 8 to 
1 0®/o less than its nearest competitor - 
and far less than other competition. 
Lower costs because the L-lOl 1, 
though a wide-cabin aircraft, is a 
shorter, lighter jetliner. Lower costs 
because of special fuel saving 
measures and advanced technology. 
L-1011: Todays Jetliner with 
tomorrow's technology. 

The L-101 1-500 is loaded with the 
latest in technological advances 

Because of its unique design, the 
L-lon has an extraordinary ability to 
adapt the latest technological advan- 
ces into its excsting airframe. Hence, 
this is one jetliner which can add new 
tec hnolngies (and new efficiencies) as 
they come upon the scene. 

For instance, the L* 1011 s wingspan 
has been lengthened by nine feet 
because of the development of an 
exclusive system of computer-driven 
Active Controls. The added wingspan 
reduces drag, cutting the amount of 
fuel consumed in flight. 

The L-lon also has the most 
advanced Flight Management System 
in the ^ky. This exclusive system auto¬ 
matically selects the best speed and 


power levels, controlling the throttles 
in flight for the most frugal use of fuel. 

Also, the L-1011-500 is uniquely 
equipped to land at some airports in 
weather bad enough to turn other big 
jetliners away. 

The L-1011 offers something for 
passengers, loo: supreme wide-cabin 
comfort. 

Tfie competithie advantage of 
the L-1011-S00. 

Why IS the L-lOll-SOO TriStar the 
right-size plane at the right time? 
Because the airline world is changing. 
More long routes are being developed. 
Passengers are looking for non-stop, 
comfortable transportation to locales 
across the globe. 

The L-1011-500 offers an airline the 
greatest flexibility in coping with 
these changes and the needs they 
create because it provides an 
unmatched combination of low plane 
mile and seat mile rests. 

Superior comfort for passengers. 
Superior profits for airlines. That's the 
L-1011-500. 

Take another look at the 
L-1011-500 TriStar. 

Because 327o is a lot of sky. 
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ItLLUS.. 

.. how do people entomb themselves? 


FlKiNll.N. a swami, Salva Mcjorilic. 
l>iiried himself in an uiulcr^rtuirul pit in 
ihc house of a Bombay film aeior'lor over 
>i\ days without lot id or water A scleet 
[•roup of people witnessed the perlorni- 
mee. Stiflconsidered a nivsterx. the nick 
:an he explained scientiticallv. K. J. 
V^akil of Bombay was one ot the earliest 
investigators who tried to explain the fun- 
jumental principle underlying the 
ihenomenon. In 1950, he witnessed a 
Jemonstration staged by a yogi named 
f^amdasji, who stayed in a scaled concrete 
aibicle of 6,135 litres capacity for 62 
lours. During the last six hours the 
'hamber was filled with water. 

Vakil opined that the volume of air 
<ickcd up in the chamber was sufficient 
or the maintenance of the yogi's vital 


contents. One important ohscr\atioii that 
very nearly explains the mystery is that the 
metabolism and oxygen utilisation of the 
body is considerably reduced when carbon 
dioxidc-rich air is inhaled or when the 
breath is held. 

The yogi in this study had used 19.5 
litres of oxygen per hour when he was 
lying perfectly still outside the box. But 
inside the box, he slowed down his bre¬ 
athing and held it for considerable lengths 
of time. The. carbon dioxide content of the 
enclosed air in the box al.so rose. Con¬ 
sequently, his metabolic rate fell and was 
reduced by about 40 to 50 per cent. He 
used 10 to 13.3 litres of oxygen per hour 

Normally about 2.5 per cent carbon 
dioxide is present in the expired air. Bre¬ 
athing five per cent carbon dioxide causes 







The investigators motivated twt> volun¬ 
teers who had no practice of any kind 
of respiratory or yogic exercise, to act as 
controls for their study on human subjects 
staying in an airtight pit. The volunteers 
had no difticultv in staying in an oil-sealed 
underground cement-concrete pit for 12 
to 18 hours at a stretch. They breathed the 
same air they exhaled in the closed space 
during their conlinement and ieduc¬ 
tions in their heart rate, respiratory fre¬ 
quencies and consumption of oxygen were 
observed. 

However, staying for long periods in 
narrow closed chambers without food, 
water and proper previous preparations is 
not possible. Persons who entomb them-* 
selves for days together have generally a< 
long practice of yoga-type breathing and 
yoga exercises. These practices increase; 
the tolerance to carbon dioxide. Such 



iclivitics. He based his conclusion on J. B. 
s. Haldane's observation that the oxygen 
'cc|uiremenl of a man lying perfectly still is 
)nl\ 341 litres a day, or 14.2 litres an hour. 
\s per Haldane's observation, the yogi 
iceded only 880 litres of pure oxygen loi 
IIS 62-hour sojourn underground. The 
Hire oxygen came fioni 4,402 litres of air, 
issuming the normal atmospheric air to 
'ontain one-fifth of its volume as oxygen, 
riic remainwg capacity ol the chamber, 
,732 litres, was perhaps occupied by the 
)ody volume ol the yogi, other equipment 
n the chamber, and watci. However, 
/akil made no allempi to measure the 
Kxygen content in llie air ol the chamber 
nd no \erilicalion of his theoretical 
sMimption was possible 

11. V. Ciundurao and his associates were the 
ie\! Ml I me to mve'^lie.ile ihejdie- 
loinenoii I hev puisuadevi a sogi to 
ia> in a pit dug in their own laboratory, 
they also measured the oxygen and car- 
H>n dioxide eontent of the air in the pit. 
lowevei. the pit was not airtight and so 
Tieasiiremcnis were open to severe cri- 
icism. 

Reeeiitlv. B. K. Anand and his assiK’iales 
conducted some gruelling tc.sts on one 
Ramanand Yogi of Andhra Pradesh, in 
their laboratory at the All-India Institute 
1)1 Medical Sciences, New Delhi. Instead 
^)t the usual practice of digging a pit in the 
^iound, they procured a tested airtight 
nietallic-cum-glass box of about 2 x 1.3 x 
I inelies. with a capaiilv ol about 2.S4b 
lutes. Thus, the chances of air leaking out 
‘Uid/or getting absorbed in the soil of the 
pit were totally eliminated. Besides, it was 
possible to continuously see Ihc subjecr.s 
reactions and possible distress signs. 

Ramanand Yogi remained in the b^x, 
lor periods ranging from eight to 10 hours 
ill a stretch. Many of his body functions 
Were measured during this period. The air 
inside the box was analysed at regular 
^>iefval4 for its oxygen and car bon Alioxide 


stress, and seven per cent makes it 
unbearable. 

Holding the breath or breathing high 
concentrations of carbon dioxide 
increases the percentage of this gas in the 
blood and in various body tissues. Carbon 
dioxide being highly diffusible, rapidly 
penetrates the interior of the cell and 
interferes with its vital processes. It selec¬ 
tively affects the tissues of the nervous 
system and dulls many regulatory mechan¬ 
isms. The temperature regulation is 
thrown out of gear and the body starts 
cooling, the circulatory centre is depres¬ 
sed and the heart starts slowing; the oxv- 
gen utilisation rate of most tissues gets 
depressed, resulting in profound reduc¬ 
tion of the total body metabolism. 

It would seem that any one, with the 
determination to stay in a closed space, 
can do so and live inside an underground 
pit for some hours without special pre¬ 
vious preparations. This was neatly 
proved in an experiment staged at Yogas- 
hram, Lonavala, near Bombay, by P. 
Karambelkar and two of his associates. 


people can withstand longer and higher 
(7.73 per cent) concentrations of carbon 
dioxide in the inspired air. 

Yogic practices also bring about a con^ 
ditioning of the limbic system in the brain,, 
which is responsible for regulating the vi$i> 
ceral functions of the body. Thus, those 
who live for long periods in underground 
cells have by repeated practice learnt 
control the higher autonomic centres that 
regulate the involuntary functions and thej 
various metabolic activities. Also, the var¬ 
ious feats of control over organs and body 
functions exhibited by yogis are achieve* i 
ments naturally acquired by the body and 
have nothing supernatural about them. 


SHANKER RAO 

Dr. Rao was formerly Professor of Phy¬ 
siology, Gandhi Medical College 
Hyderabad. 
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Sensational space tour round the universe in search of life 

^Colourful spell binding spectacles *Thrilling celestial music 


Fantastic sight-seeing and experience! 

“The Birth of the universe—the big bang 
with the explosion of extremely hot and 
dense fire ball. “Evolution of life on earth 
“Wonderful space-ship view of numerous 
constellations. Globular clusters. 
Galaxies, Stars and Planets 
Trentendous Knowledge about this 

vast universe! 
“Our universe weighs 20 trillion, trillion, 
trillion, trillion—20 followed by 
forty-eight zeros tonnes. 
“There are over a hundred billion galaxies 
in the universe. Hence there can be 
trillions and trillions of planets like earth 
“Millions of stars were formed even 
before our sun was formed and millions 
of intelligent civilizations could have 
flourished even before our earth came 

into existence. 


A unique show fhai brings into your orbit 
vast experience and knowledge of this 
massive, mysterious universe. 

A fabulous show 
You just can't afford to miss 
You are welcome 
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Oceanography deala with the scientific study and exploration oT the oceans In all their 
certain aspects of the oceans and their exploration, leaving 
out Ka life forms, which we shall touch In a future quiz. Answers to the 10 questions are 
given overleaf. 


1. When a layman conceives of the 
salinity of sea water, he thinks of its 
"saltiness**. An iKcanojirapher would de¬ 
fine "salinity * as: 

A. The total weight ot dissolveil material 
in one kilogtam ot sea water. 

B. The total volume of dissolved siidium 
chloride in 1(1 kilograms ol sea waiei 
('. The total volume ot dissolved material 
in one volume ot sea water. 

2. The "residence time * (oi the time that 
would he required tor the rivers to add to 
the oceans a mass of water equal to the 
water cimtent) til the oceans is: 

A. 22 vear.N. 

B. 44.(kK) Years. 

C’. I.IMM) years. 

3. A (ihyben-Heryherg lens is- 


A. A body of fresh water overlying salt 
water below a barrier beach. 

B. A special wiilc-anglc lens used foi 
underwater cameras. 

( . A special /t)om lens used tor under¬ 
water cameras. 

4. The "Moho** is: 

A. An acronym meaning Mobile Obser¬ 
vation llahitat Obnubilation. 

B. TIu boundary between the Tarth s 
crust and mantle. 

An imaginary line touching the 
deepest ocean ilepths. 

5. riie tirsi mobile deep diving vehicle 
was: 

A. Halhyhius. 

B. Bathyscaphe. 
i'. Bathysphere. 


'd* The contrimiriim of Unumo"^idia 
“Mr. Mobiit" was towards: r 

A. Undersea uilpipe operations. | 

B. Seismic refraction shooting. 

C. Theory of plate tectonics. ^ 

7. The acronym S( rHA stands for: . 

A. Sea Centre Underwater Bathing 

Apparatus. j 

B, Self contained Underwater Breathing' 
Apparatus. 

Single C hord IMilitv Breathing 
Appaiatiis. 

8. The oil-bearing Bombay High struc-* 
ture is: 

A. Oiapirie. 

B. Sympatrie. 

('. Haloelime. 

9. I'he tbilovving persons have designed 
well-known devices eomm«>nly used in 
oceanography (and named after them). 
Match the names on the left with the 
devices on the right (A. B. (’ and L) stand 
lor the names.) 

A. C\ Hardy ^bottle 
r'ridtjol Nansen J^eoiilinuous plankton 
J. C. Swallinv recorder 
Van Ween C’ urab 
TTnoat 

10. riie abbieviaiion Miiws stands for: 

A. Mean High Water Spiings. 

B. Man-made Mol Water .Springs. 

C’. Marine Hi»l Water Springs. 
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The Answers- 

I.— 'A: Salinity is defined as the total 4. —B: Abbreviated from ■*Mohorovicie 

amount of dissolved materiiil, in parts per discontinuity", after the Balkan seismo- 

thousand by weight in one kilogram of logist A. Mohorovicic, it occurs at a 

sea water when all the bromine and depth 35 kilometres below the conti- 

iodinc have been replaced by the eqiiixa- nenls. but only 11 kilometres below the 

lent amount of chlorine, all the carbonate ocean surface, 

has been con\erted to oxide, and all the 


6.—A: The two are names of robots used 
for undersea oil pipe operations. Mr. 
Mobot (for mobile automation) is 4.3 



Mr Unumo 


organic matter has been oxidised. 

7'he average salinity of oceanic water is 
35 parts per thousand. Normally the 
chlorinity of sea water is determined (this 
is 19.377 parts per thousand in standard 
sea water), and the salinity then calcu¬ 
lated as S = l.SObti (1 

2.—B: The oceans of the world contain 
1.4 X 10' kilograms ot sea walci and the 
world's rivers add water to it at a rate of 
10" kilograms per second. Thus it would 
take 1.4 x 10' seconds (or 44.(KKJ years) 
for the rivers to add to the oceans a mass 
of water equal to the water content of the 
oceans. 'Ihe residence time of the total 
salts in the oceans is 22 years. 



3.—A; A GhybenUct/bcrg lens is Moho. and the granite-basalt configuration 
named after the iw'o scientists who disco¬ 
vered the mathematical relationship be- 5.—B: Designed by the Swiss scientist metres tall, with a television camera lor 

tween the height of the water table above Auguste Piccard, Bathyscaphe is akin to eyes anil a somii pingcr and hydrophone 

sea level and the depth of the fresh water an underwater balloon in which petrol for ears. It can move forward by means t)l 

layer. keeps it afloat, water is pumped into two propclleis. and a variety of tools can 

be bolted on to its arms. Mr. Unumo 
(universal underwater mobot) is a more 
versatile device with tripod feel. fle\ible 
arms and haiul-likc appendages. 


Freshwater lens configuration on a barrier 
beach 

ballast tanks to make it sink, and iron 
pellets released to bring it back to the sea 
surface. Its horizontal movement, using 
hatterv-operated propellers, is however 
very slow. Mr. Mobot 




dCfi. IQfll.- 


7. *^: Hie Sett' Camaincd Underwater 
Urcalhing Appuratus is< i iia) is now 
popularly known also as ••ai|ualung" 

8. —A; Diapint striiciuu*s aro t\»rmcd hv 
ihc slow upward plastic nntiralion t>f 
I datively lighter sediments ihiough se\- 
cial kilometres of densei merbiiiden and 
may project up to several hundred metres 
above the sea Moor I.xamples are salt 
ilomes — oil is usually lound associated 
with them. Hence the word ’hiuh * in 
liombay High 

9. —A: N.'iiiscn bottle; H Haidv s cim- 
linuoiis plankton iccokIci; ( • \'an W een 
eiab; I) Swallow lloal 

I'he Nansen bottle is a metal tube, 
open at both ends, that isel.imped on to a 
thin wiie. When it is loweied to the 
ilesiied depth, a tyliiuliic.il weight c*illeil 
the ‘hvdiogiaphic mcsscngci" is slid 
down the wiic As this hits ,i trigger on 
die bottle, the bi>ttle tin ns thiough INII 
aiul the two ends close In spimi»-|i>aded 



Nansen bottle being immersed 


‘i'f j; •■■'‘i.'' '''■'■'v ' 

' values, thiis ehcl(i<an{i abbui 1.2 litres of 

water sarnptc. 

Hardy's continuous plankton recorder 
(in contrast to the slow-moving, conical 
plankton net) can he towed behind a fast 
moving ship. As the device moves for¬ 
ward. plankicrs entering the orifice on its 
nose are sandwiched between two strips 
ot gaii/e wound by means of a propdiet 
into a tank containing preservative fluid. 

The Van Ween grab is used for quanti¬ 
tative sampling of life at the sea bottom. 
Two heavy, semi-cylindrical “jaws' are 
held open by long steel arms. When the 
grab hits the bottom, a locking notch 
disengages the arms, and the jaws shut, 
enclosing a known volume of bottom 
sediment. 

The Swallow Moat is a sealed alumi¬ 
nium tube with a built-in acoustic trans¬ 
mitter that can he thrown into the sea. 
Since If IS less conipiessihle than scii wa¬ 
ter. It will sink until the pressure is such 
that Ihc water licnsity makes it neutrally 
buoyant It will then drift with the cuF' 
lent. The ’’ping" received into a hyd¬ 
rophone on the ship can be followed for 
several weeks, 

18.—A: Mean High Water Springs. High 
water is another term for '‘high tiilc" (as 
opposed to ebb tide oi low water). When 
the Sun. Moon and liarth aie positioned 
on one line (in conjunction), the com¬ 
bined gravitational attraction and centri¬ 
fugal force aie verv strong. So high lides 
are verv high and ebb tides verv low. 

I hese arc known as spring tides aiul thev 
occur at or aiouml lull and new moon. 
When the Sun. b.arih and Moon (oini a 
nglif angle to each other, the gravitation¬ 
al .iiul ccniritugal lorces are weakei. and 
the tides arc not so strong; these arc 
Ciillcd neap tides. The mean" is the 
average of many spring tides. 


This qui? was preparwd by 
Dr. B. F. CHHAPGAR who is Scientific 
Officer for aquatic radioactivity studies at 
BARC, Bombay. 



Gibbous Moon 



Gibbous Moon 


Tidal bulge due 
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Ebb tide 


Mechanism of the tides 


TIda! bulge di^ to the Moon 

to the Sun 







THE TEST COMMENTARIES ARE COMING f 

QUICK.BUILV YOUR 
OWN RADIO! 

(LIKE AMAH AND RAJ DID) 


always cMeHritmclass, but Aim waseb^ter actor. 


(D 




' / followed Itie easy-lo-iindershnd, step-iy- 
logkel-sfep JbfklrgJ>o-lf- yours^ Manuel, 
bultfltie'Sm^sliyRacSopiesenledlttoDadori 
his bb-thdayl.... AndesiedMm fore Jefking 
Amplify Kif ^mlnel' 


Alow Dad, blowing In ay HxMeps, 

Is mekOigeTYSet ftome^Mking Kif 
for Mimny!..., With myhels, Oftoursel 



Wow! t must 
sendfor 
eikthing 
KJtlodeyl 



Bu t haw do you do if. Ament } 


(D 


J To: Jotkinp KlU India. 350, Lamington Road. Bombay 400007. Tel; 357101. 

H Ptaaae send me your easy to follow, step-by-logical- stop, detailed instruction Manual 
* Di-Band RadioD2-B8nd RadioD3'BBnd Radio □ Amplifier□ TV Set 
p D Language Preferred OEnglishUHmdi 

V I em enclosing □ Rs. 10 for MW/? Band Radio □ Rs. 20 for 3-BBnd Radio, Amplifiei. 

^LJRs. 50 for TV Set This amount is deductible when I buy the kit 

V Name_ 

'M 

M Address_ 

S If I am fully satisfied, I will send lor the Kit by VPP against an advance of Rs. 25 only. 

5 Price: VBand Radio >» Rs. 110, 2-Band Radio % Rs. 190: 3-Band Radio (•• Rs. 290; 
p Ampllflor ^ Rs. 815: TV ^ Re. 2660. Taxes as applicable. 

■ SPECIAL DISCOUNT TO SCHOOLS & COUEQE8 on bulk ordortl 


. (Use BLOCK letters) 



Iti easy! Just folkm Jetkingi 5bnfib\ 
menueii Thafiel// 


THen we can bolh 
listen -fo Ae crickef’ 
commamyontadios 
we hove ixu/f ^ 
ourselves- 




nmyl Oriu roar Mike Hilt k tim kr Uk Crietk Tnkl 


AVAILABLE FROM (Cities and phone nos/address) Bombay : Akbarallys, Fountain - 253921, Santaciuz --631076 Jatkine KMs —3S7101, 381792. 
Ahnwdabad : Orapco Electronic Cor.o — 386162 A)m»r ; Santoshi Enterprises — 22863. Bangalore : Kanchan Radio Oirp — 28921. Baroda : 
Gonitrai Radio & Electronics 54294 Calcutta : Paragon Modals, Park St. Calicut : Kidsons Electronics, Palayam. Cuttack : Cuttack Music House, Tinkonia 
Bagicha. Cochin : Components & Devices - 33150 Dalhi ; Kamal Stores — 565864 Gauhati : Radio Corp, Lakhtokia. Goa : Tricity Radio Electric 
Corp, Panaii Hydarib' d - Soundking Radio Agencies, Haridas Market Imphal : Virdi Radio Service - 1142. Dinosh TV & Electronics, Thangal 
Bazar. Jaipur : Shreyas Enterprises 66872 Jalpaiguri : Vivekananda Electrical Emporium, Kadamtala Jamshedpur : Radio Centre. Mam Rd. 
Kottayam : Mom £r Co, Temple Rd Madras ; Singh Trading Co — 844169 Mysore : Ashok Electronics, K T St. Nagpur : Indira Trading Co, 
Sitabuldi. Pune : King Electronics — 449144. Quilon : Moni's Radio Service. Raipur : Radio Centre-- 26775. Surat ; Music Centre, Bhagatalao. 
Sultanpur : Medan Radio Service, Shahgenj. Trivandrum : Kidson Enterprises, M G Road. Tinaukia; S K Bros. G N B Road. Udipi : Radio 
Services. Varanasi : Madan Machinery Mart, Nichi Bagh. 
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Autdnhatic staircase 


THIS is a very useful and simple solid-state 
device for alt houses. It it is dark and you 
just press one of the push buttons, all the 
staircase lights light up. They remain lit for 
about three minutes and then auto¬ 
matically go off. If there is sufficient light, 
then the lights do not come on at all. 

You will notice that the device is the 
simplified version ol the “Automatic 
porch light'* (ScihNcn Today, December 
1978). 

The circuit of the device is fully solid- 
state and uses a single integrated circuit, ic 
555, and a few other components. The ic 
555 is used in the device as a monostable 
multivibrator; its action here is better 
•understood from the functional block 
diagram of the ic 555. 

Ihe K. is disiiled into blocks repre- 
>cnling the uppei and hmer com¬ 
parators A and B, the control llip-flop F, 
the inverting output stage D and the dis¬ 
charging transistor 0 14. 

In the standby slate, that is, when no 
trigger pulse is applied to the trigger ter¬ 
minal No. 2, the control flip-flop provides 
a ‘high* output which holds the dis¬ 
charging transistor in the conducting 
state, which clumps the charging capacitor 
C to the ground level. 'Hie flip-flop also 
drives the inverting amplifier to provide 
• I ow* iniipiii. I he internal \oltage div ider, 
ct)mprising three 5 K ohms resistors in 
series, provides Vx Vec and Vcc to the 
upper and lower compaiatois, respec- 
lively. rhese two voltage levels thus 
determine the threshold and trigger levels 
of the two comparanns. 

The LDR along with the senes netwenk 
of resistor and potcnliomclei acts as a vol- 


lOO CAN BO 


llgm 


tage divider. During the daytime, when 
sufficient light falls on the LDR, the 
inerease in the conduction of the LDR pro¬ 
vides sufficiently high voltage across the 
series network «)f resistors and poten¬ 
tiometer. If there is not sulficient light, the 
drop in the conduction of the LDR causes 
the voltage across the scries network to 
drop proportionately. The 10 mfd 
capacitor across the .series network is for 
smoothening out the electrical voltage 
developed across it. Ihe setting on the 
sensitivity control potentiometer will 
determine the intensity ol light at which 
the series network will provy.lc just suf¬ 
ficient V oltage to drive the trigger terminal 
of the IC, through the 0.1 infiJ capacitor 
and the push button, to Vee level. 

Whenever there is insutlieienl light and 
the pusli butUm is pressed, the trigger 
terminal which is held at *. > Vec level bv 
the lwo 100 K resistors, gets the necessary 
negative-going pulse through the 0.1 mfd 
capacitor—sufficient lo make the trigger 
terminal less positive than Vi Vec level. 
This causes the lower comparator to pro¬ 
vide the output which changes the state of 
the control flip-flop Irom high to low-. 'I he 
control flip-flop thus cannot hold the tiis- 
charging iiansisior and the inverting out¬ 
put stage prov ides high output at terminal 
No. 3 of the IC. This drives the relay coil 
As the timing capacitor C. 250 mfd, is now 
unclampcd. it starts charging through the 
OSO K resistor. When the capacitor 
chaiges to ’-i Vcc, which is the ihieshold 
of the upper comparator, it rc.scls the flip- 
llop back to the normal high slate. The 
llip-llop thus sinniltaneoiisly disehiirgcs 
the timing capacitor C through the 330 




ohms current-limiting resistor and the dii»* 
charging transistor O 14, and brings the 
output again to the low level, which : 
swirehes oft the relay. This completes one 
cycle of monostabic operation. 

The 12 V DC relay used in the device is 
directly operated by the output terminal 
of the IC 555. lo restrict the relay driving 
current, the resistance of the relay coil ■ 
should be 150 ohms or more. Though the 
circuit shows only one push button, you j 
cun have any number ot push buttons in 
parallel. This will enable you lo operate ! 
the device from any floor. In the same i 
way, you can also have any number of' 
lamps, operated by the relay contact oi the 
device, provided you do not exceed the- 
rated capacity ot the relay eoniaet. 

The liming capacitor C has two dif- 
lercnt paths for charging and discharging. 
The values ol the timing capacitor, that is, 
250 mfd. and the resistor in the charging 
path, that is bbO K ohms, arc so selected 
that the capacitor takes about three 
miiuiies to charge to 2,.^ Vee level. The I 
selection ol the current limiting resistor ! 
(330 ohms) should he such ihat it should 
limit the discharging current passing 
through the discharging transistor O 14 
without appreciably increasing the dis- I 
charging iime (which is typically a fraction 
ol a second); so that the unit is immedi¬ 
ately ready lor the next operation. 

Ihe LDR can easily be titled inside a 
test-tube as s|un\n in the ligiire. The 
rubber eoik at the buitom ot the test-tube 
sluiiild have an aperture to lake the two 
leads eiinnceting the I.DR The test-tube 
should be painleil with any waterproof* 
black paint, leaving about 25 mm from its 
top up m the rubber cork. I he wires con¬ 
necting the IDK and Ihe elecironic unit 
should preferably be continuous, as most 


Light dependent resistor 
(LDR) fitted inside 
a tesl-tulx; 


DlHfl TiUNOi 
WAviMLiM SFNS'TiV'TV 


-ONPAINTED 
i’AHf Ol fHl' 
TtST TUHE 



— HUHnm C.ORK 









[ndi^ Bank'the gem for all seasons, 
i^all reasons 


Banking symbolises money. Money helps build 
ortunes of individuals, organisations and 
lations. As an Agent of Change. Indian Bank 
Kovides money for productive needs and also 
)anking service for all kinds of transactions 
\t Indian Bank, your standing instructions for 
)ayment of rent, premium, transfer of funds or 
Jther periodic payments are carried out promptly, 
^our cheques, dividend warrants, pension 
myments, are collected. 

ndian Bank's specialised Department for Credit 
Assistance to Weaker Sections has many schemes 
Dr financing self-employment at concessional 
3tes of interest Small Industries, Agriculture and 
xports receive special attention and preferred ' 
eatment. 

or your savings to grow rapidly, Indian Bank 
as many convenient schemes tailored to your 
pecific needs. 




Indian Bank 

Helps build )<our fortune 
NOW STUDDED IN PLATINUM 
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of. thk wiring wKI remain outside the 
house. The unpaintcd top part of the test- 
tube will allow the light to come in. The 
painted part will obstruct the entry of light 
from the Sides. 

The LDR unit should be fixed in a suit¬ 
able place outside the house, pointing 
towards the sky in such a way that the LDR 
will receive the maximum natural light. It 
should ne^er be fixed vertically or at on 
angle which will allow the direct light from 
tlte sun to reach the LDR. 


You will need: 

Semiconductors: IC 555—1 No.; 
LDR—1 No.; Diodes BY 125—2 Nos. 

Resistors (all V 2 watt): 1 Meg—1 No.; 680 
IC—1 No.; 100 K—2 Nos.; 10 K—1 No.; 
and 330 ohms—1 No. 

Potentiometer: 50K carbon linear or 
wire-wound—1 No. 


Approximate cost of the above elec¬ 
tronic components in the Bombay market, 
Rs. 90. 

Transformer: Pri: 230V AC. Sec: 12.6V 
(n 100 mA. 


Misc,: IC experimenter's vero board, 250 
mA fuse with holder, normally open 
pushbutton switches, solder, wires^ 
screws, suitable enclosure, etc. 


ANIL V. BORKAR 
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Long wait: 

Onct 1 reached a railway station very 
early. The staff had their own way of 
indicating the train timing, for example, 
aflcr Ham they used 12, 13, 14. etc 
(without “a m" or “p m”). In the ample 
wailing lime, I found lhal if I divided the 
dcpariuie lime (in whole number of 
hours) by the sum of its digits. 1 goi a 
i|uoiicnl of 4 and a remainder ot What 
was the ileparlurc time (in whole hours)? 

V. A. SHENAI 

(Solution next month) 


Capacitors. Electrolytic: 250 mfd, 25V—2 (Solution next month) 

Nos.; 10 mfd, 25V—1 No.; Ceramic or 

Polyester: 0.1 mfd—2 Nos.; 0.01 mfd—1 Solution to last month's Brain 
No. Teaser 

Relay: 12V DC with coil resistance more statements 

lhan 150 ohms and at least one scl of Observe ih.'u everv sialemeni in the 
changeover contact,—1 No. 


given set contradicts all the remainingi 
statements, and hence only one can Ik 
correct. It wc assume the first as correct. 
It means that five statements are correct, 
which IS not possible. So the first slalc- 
mcnl is not coricet. Similarly, the second, 
third and fourth statements alsc» canmU 
be correct, for, it they are assumed to be 
correct, it will mean that the touith. third 
and second statements, respectively, are 
correct. If the sixth is assumed as correct, 
it means that this statement als<» is 
wrong—which is a contiadietion. Hence, 
the sixth also cannot be correct. That 
leaves the filth statement. If this is 
assumed to be correct it means lhal only 
one of the six stalemenls is conect. that 
IS. the filth itself. Hus results in no 
contradiction. 

Hence, onlv the fifth stiilement can be 
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.1. S. Kanwai. Diiecioi toi Research. Inteinational ( lops 
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frequency standard. 
Ibrnperature 
. ooeffiaent analyser, 
cold welding equipment, 
spectrum analyser 


-leading to hi^ 
stability monolithic 
crystal filters, crystal 
ovens and temperature 
compBnsated 
crystal oscillators. 

Soon. BEL will bing you the most advanced 
Burfaca acoustic wave davicas and tuning fark crystals. 


BEL has now equipped itseli for the manufacture 
of monolithic crystal filters (MCF) — that are much 
smaller and more reliable than their discrete 
counterparts consisting of crystals, capacitors and 
coils. With the excellent temperature characteristics 
of the AT'CUt crystals, MCF offers the scope for a 
miniature but highly temperature-stable filter 
network. 

Work is underway at BEL to achieve the best in 
quartz frequency standards. Carefully matched 
crystal oven and oscillator circuit, that make up the 
packaged oven-controlled crystal oscillators, will soon 
achieve this task. 

BEL is particularly proud of the work it has done in 
the area of TCXOs. With stabilities as good as ±0.5 
ppm in regular production, BEL TCXOs are in great 
demand for communication sets — and equal the 
finest of such devices made anywhere in the world. 
And communication applications apart, cryst^ devices 
are one of the vital components for E>igital Watches. 

The development activities undertaken by BEL in 
the field of surface acoustic wave devices (SAW), 
hitherto new technology, will hnd widespread 


application in communication and computation ~ 
with performance characteristics unattainable by 
other technologies. 

Such pioneering achievements and capability in 
the field of aystals and crystal devices are 
unmatched in India. Only too well matched by its 
achievements in other component areas: receiving 
valves, transmitting tubes. X-ray tubes, cathode ray 
tubes, TV picture tubes, image converter tubes, 
microwave tubes, display devices, germanium and 
silicon semiconductors, hybrid micro-circuits, 
integrated circuits, printed circuit boards and ceramic 
capacitors. 

These technological triumphs notwithstanding, it is 
BEL's state-of-the-art systems capability, as 
evidenced by sophisticated equipment and system, 
that keeps India on the electronics map of the world. 
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A cold can be relieved 

There is a way to relieve a runny nose 
or blocked nose, heavy head, sore throat and 
chest pongestion—all those symptoms that can 
spoil the best of days. 

Fight it vi/ith a colds remedy 

It's not enough to treat it like you would treat 
any other ailment. Use a special colds n^icine 
that works simultaneously on all affected areas. 

Coldarin is only for colds 

Coldarin relieves all the symptoms 
that bring you down. It has special ingredients 
that act together against all cold-affected areas. 
Plus Vitamin C to build your resistance. 

When you have a cold, it makes sense 
to treat it like a cold. 




Specially formul^^ 


Windows to the secrets 
of the micro andmacro worlds 


VEB Cari Zeiss «^VA 

offers 

Slit Lan^ 110 and 
Stu^eiylificroscqpe S12 



CASBC- *4.241 


SLIT LAMP 110 

The Slit Lamp Is a standard Instrument of the 
Ophthalmologlsta for examination of the anterior eye 
segment. 

Magnification is adjustable in five steps ranging from 
5x to .50x. Adjustable eyepieces ensure tlic focal 
planes to be constant at all magnlilcaUons. 

The source of light is a halogen lamp (20W) of high 
luminance. There is a constant observation brightness 
for all magnifications. 

The Slit Lamp Is also provided with Applanation 
Tonometer for measuring the tnlra-cxmlar pressure 
(measuring range 0 ... 100 nim/Ifh). 

SURGERY MICROSCOPE 212 

The microscope is used primarily for routine 
examinations and microsurgery for ENT surgery. 

It also finds wide applications in neurosurgery, 
plastic surgery, dermatology, forensic medicine etc. 

Magnification range dx to 30x. 

Our range of ophthalmic medical instruments 
include: 

Fundus Cameras, Ophthalmoscopes, 
Photocoagulators, Slit Lamps, Camera Slit Lamps, 
Surgery Microscopes,Ophthalmometers 
(Keratometers), Coincidence Refractlonomcters, 
Ve rtex R e frac tlonometers (Lensometers), 
Spherical Perimeters, Tonometers, Colposcopes. 


Exclusive representatives for 
RSI India, Nepal, Bhutan and Sri Lanka. 

naC.M.IN8rmMMENTmiNOM PVT.LTH 

Court Chambers, 85, Sir V. ‘Thackersey Marc, 
Bombay 400 OSO. Tel: 864808 Gram: CEEZED 
Telex: 011.3065. 

Delhi * Calcutta * Madraa * Baroda 


Ct.aiiv.Un<t-4»t4. 













R)r that ciean,health^ feeling... 

Lifebuoy Personal 


New Lifebuoy Personal washes away the 
germs in dirt as only Lifebuoy can ... 
gives ^u that clean, healthy feeling with 
its rich lather and invigorating perfume. 
And it has such an attractive shape and 
packaging. Bathe with Lifebuoy 
Personal... the soap for the modem 



lifebuoy Personal 

-it’s lefiediing^ different! 


A Qus/ity Product by HINDUSTAN LEViR 


MNTAf^LF. I0-25IS 
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IF... 


...there were no chlorophyll molecules 


1 Hr only intwhaiisiiblc icscrNoir ol 
energy a\ailable lor lile loniis on ihc luirtli 
IS llic clccirotnagnctic radiation Irom the 
Sun, Chlorophylls, those mecn plant pig¬ 
ments, are the most remaikable natural 
l>igmanis, which harvest the solai energy 
and convert it to storable chemical energy 
through photosynthesis. 

A unique achievement of evolution has 
been to provide organisms with 
chlorophylls. Without them, lile on the l:ailh 
would have been restneted to rare s|H)ts. 
such as volcanic springs, where lice 
energy is availabte through chemical oxi¬ 
dation. But tor chlorophylls, the Karth 
would have been left with primitive lite 
lorms, presenting a totally dillerent 
scenario Irom the present day world. 

\ he drama ol photosy nthesis consists oi 
two main acts. The lirst is played on a 
lighted stage and eat lies out water oxi¬ 
dation and produces energy-rich 
adenosine tiiphosphate (AIP) molecules, 
paving the way for the second act. I his is 
said to be staged on a darkened stage, as it 
rcquiies no light. Carbon dioxide 
molecules aie reduced to carbohydrates 
by drawing upon the energy and reduetant 
genetalt'd in the earlier process. 
Chlorophylls play a central role and link 
the inputs and outputs ol photosynthesis. 
However, only one pei cent of solar radi 
iition IS intercepted by green plants and of 
which only ten per cent is utilised in the 
pi (ui net ion of or ga n ic com pi i u nds. i I e nee, 
only b I per cent ol solar energy is sus¬ 
taining hie on this planet through 
chlorophylls. 

'I he evolutionary development ot 
photosynthesis is indeed remarkable 
because,besides the complex organic pig¬ 
ments, the chlorophylls, a number of 
en/ymes, not known to be synthesised 
outside the living organisms are also 
I eq III red. The early ehemosynihetic 
organisms which used energy from eliem 
leal reactions have not only incorporated 
a e c i d e n t a 11 y - f o r m e d chlorophyll 
molecules, but these organisms also dis¬ 
covered that the chlorophylls can be used 
lor capturing the light energy required lor 
the synthesis of carlx^n compounds. It is 
very likely that biological evolution would 
have stopi^'td at the chemosynthetic stage 
on many planets due to lack of chlorophyll 
molecules. On such planets, life forms 
would be dependcnl on a chemically unsi- 
ablii environment. And, if it is true that all 
atmospheric oxygen on the Earth is photo- 
synthtMically generated, then pre- 
photosynthetic life must have depended 
on some unstable chemical systems not 
containing free oxygen. Such systems are 
rare on the Earth and confined only to 
photosynihctic bacteria._ 


It is very likel) (hat the photochemical 
production of energy tA'iPi ihiough 
photophosphorylution developed before 
the photo-chemical production of reduced 
carbon compouiuis Irom carbon dioxide, 
as the latter requires the operations of two 
photosystems, as against one hy the 
lormer. "Hie abundance of precursor 
molecules such as acetate and formate in 
the primitive oceans must have enabled 
the synthesis of glucose, utilising ATP 
molecules produced through pholo- 
phosphor>lation. The abundant supplies 
ol organic material Irom primitive oceans 
could have been used by the then existing 
oiganisnis capable of only photo- 
pliosplior>lation but not photoreduetion 
ot carbon dioxide. But an organism only 
capable ot photoreduetion would require 
large quantuies ol ATP generated from an 
inorganic source. Hence the former type 
of organisms must have evolved earlier 
than (he latter. 

r^esumably, another significant muta¬ 
tion must have occurred as the availability 
ol organic compounds became scarce. 
These aie the oxygen-evolving blue-green 
and green algae and higher plants, capable 
of using the pi acticall) unlimited supply ot 
water as a source ol hydrogen. So, the 
atmosphere became oxygenic, leading to 
the evolution ot new type of organisms 
which require tree oxvgcn lor respi¬ 
ration. The crucial role played by 
chlorophylls in steering the course ol 
evolution could hardly be over¬ 
emphasised and it is bewildering to 
imagine the state of affairs on our planet if 
chlorophylls were not there. 

There are relatively few biological 
molecular structures,with the exception oi 
phytocTiromcs, that cun absorb visible 
light. Chlorophylfs have absorption in the 
red and blue regions of the visible spec¬ 
trum. And, in this region of the spectrum 
sunlight IS most abundant. Maybe, this is 
one ot the rcustms why chlorophylls have 
been selected by nature as the main pig¬ 
ment in photosynthesis. T he absorption of 
photons in the blue and red regions of the 
spectrum by the chlorophylls is associated 
with the excitation of specific electrons of 
the molecule to excited states which undergo 
specific clicmical reactions by donating cTce- 
trons to the photosynthctic elec¬ 
tron transport chain. This provides the 
basis for photosynthesis. 

Additional reasons for the choice ,of 
chlorophylls arc the specific phV- 
sicochtmical properties that bind 
chloropnyll in appropriate locations in the 
cell and its capacity to >crvc as an effective 
photocatalysts. 

Chlorophyll* molecules play a for¬ 
midable task in maintaining atmospheric 


oxygen and carbon dioxide concentrations 
at constant levels. Annually, 13 x 10"Tons 
of oxygen is produtxnJ bv the activity i>f chk)- 
rophvlls with a a)iicommi(ani tixaiion of 20 
X 10'" tons ol carbon dioxide from the 
atmosphere and oceans. The opposing 
forces ol photosynthesis and respiration 
results 111 shuttling ol oxygen and carbon 
dioxide molecLiles between the atfiios- 
phetc and living bc'ings. It is estiniuted 
that every caihon dioxide molecule gets 
reeyeled in hundred years, while an oxy¬ 
gen molecule takes about 1000 years. 

Also, an mcrciiscd euiixiii dioxide am- i 
a*ntration may lead to an elevated global 
temperatures, by absorbing the infrared 
radiation, radiated back Irom the earth. 
Tins phenomenon |xipiilarl> known as the 
“gieen houst* el led * can pioloundly alter 
climate and produce new deserts and ele¬ 
vate sea levels. The chlorophylls and the 
increased global photosynthesis through] 
uforcstation alone could eoimteraci the j 
apparently benelicial but potentially 
dangerous carbon dioxide elevations. 

Hunuin eivilisution has taken an 
irreversible turn w ith the onset of ugrieul- 
turul practice. With a deliberate cul¬ 
tivation ot a tew species ot plants, all tlic 
food energy and most oi the tuel can be 
traced solely to the aetiv ilv of chlorophyll 
molecules. T herctore, it evoiiiiron had not 
produced the chlorophyll molecule, life 
would have remained highly primitive and 
static. Possibly, It could have exter¬ 
minated abriipilv. 

V S. RAMA DAS 
D. SUNDARSANAM 

Prof. Rama Das is professor of Botany and 
Dean. School of Biological and Earth Sci¬ 
ences at Sri Venkateswara University, 
Tirupati. Dr. Sundarsanam is a lecturer in 
Botany, at the same university. 
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For further details contact: 

Lawrervee & Mayo (India) 
Private Ltd. 

76, Janpath, New Dethi-110001 
Technical Development 6i Vacuum Centre,Hyderabad. 
Qdnehes: Bombay • Bangalore • Calcutta • Delhi 
.# Madras # Secunderabad. 


the whole spectrum 
of vacuum pressure from 
5 mbar down to lO'^mbar. 

* Vacnik Gauges—measure, control and protect 

* They are precise, sensitive and economical. 

* Their rugged construction, both of gauge 
head and control unit,makes them particularly 

useful in Laboratories and Industries. 

* They have positive advantages over other 

gauges in this range. 
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its survival of the fittest. 


Only BHEL Power Devices run through the gamut of sophisticated checks. This 
elaborate process includes the Helium Leak Test, stability test, di/dt test and many 
more. And only those that survive these tests, will reach our customers. 



BHEL Power Devices, run 
through the gamut of sophisti¬ 
cated checks. This elaborate 
process includes the Helidm 
Leak Test, stability test, di/dt test 
and many more And only those 
that survive these tests, will reach 
our customers 

BHEL testing facility is equipped 
//ith most modern and sophisti¬ 
cated testing equipment where 
lor the Power Semiconductor 
Devices it is survival of the fittest. 

Yet, it is not only in the testing 
field that BHEL talks of quality. 
Quality is built into BHEL Power 


Semiconductor Devices from the 
stage of design and raw material 
procurement. 

Since BHEL manufacturing 
activity starts from monocrys- 
talline silicon, BHEL has total 
control over all process para¬ 
meters So that quality can be 
built in at every stage. Ensuring 
that BHEL Power Semiconductor 
Devices can take the beating of 
Industrial Applications 

The range of BHEL Power Semi¬ 
conductor Devices includes 
inverter grade thyristors with 
turn-off time as low as 15 p, sec, 
converter grade thyristors and 


semiconductor diodes for high 
power applications These 
products are manufactured with 
know-how from Siemens of 
West Germany-world leaders in 
the field. 

BHEL’s Power Devices are avail¬ 
able in stud, flat pack, flat bottom 
and disc type housings. 

For Power Devices ingrained 
with quality and reliability-BHEL 


more than 
products- 
a total 
service for 
energy 




For details write to 
Senior Manager - Comnnercial 

Bharat Heavy 
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Control Equipment Division 
Post Box 2606 Mysore Road 
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